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DETECTION OF MICROVARIABILITY IN A NEW CLASS OF BLAZAR-LIKE AGN
by
JEREMY D. MAUNE
Under the direction of H. Richard Miller.
ABSTRACT
Recent research has lead to the possible discovery of a new class of gamma-ray emitting ac-
tive galactic nuclei (AGN). These objects – the very radio-loud narrow-line Seyfert 1 galaxies
(NLSy1s)– demonstrate observational features suggesting that they are similar to blazars. One of
the key characteristics of blazars is the presence of high-amplitude optical microvariability. While
this phenomenon has been investigated in individual objects, no study of the intra-night variability
of radio-loud NLSy1s as a class has previously been available. This dissertation presents a sys-
tematic search for optical variability in a sample of 33 radio-loud NLSy1s. It was found that 26
objects demonstrated microvariations. However, only 9 objects did so with duty cycles comparable
to blazars, and only 7 of these 9 objects — J0706+3901, J0849+5108, J0948+0022, J1246+0238,
PKS 1502+036, J1644+2619, and IRAS 20181-2244 — demonstrated microvariability at compa-
rable amplitudes.
Two objects stand out as exceptional sources. J0849+5108 was found to have a duty cycle
of ~90% and was observed to undergo an enormous 4-magnitude optical flare in a two-month
time span. The object has not been reported to have undergone such an event since 1975. The
second object, J0948+0022, is the class prototype. High cadence data indicates that J0948+0022
has a remarkably rapid doubling time scale of ~40 minutes, and it was seen to vary by over 0.9
magnitudes within an individual night. Attempts to correlate microvariability to radio loudness,
gamma-ray loudness, and other parameters were largely unsuccessful. However, it was found that
only radio-loud NLSy1s that were detected at gamma-ray energies demonstrated microvariability
at blazar-like duty cycles. Additionally, an analysis of the frequency of microvariations at various
amplitudes suggests that the sample of radio-loud NLSy1s presented in this study share a parent
population identical to low energy peaked BL Lac-type (LBL) blazars. This is in agreement with
the work of astronomers such as Abdo et al. 2009, who have created spectral energy distributions
for a few radio-loud NLSy1s and found them to resemble those of LBLs. Blazar-like variability
was found in multiple objects with radio loudnesses of log(R) < 2, suggesting that even moderately
radio-loud NLSy1s may be blazar-like objects.
INDEXWORDS: Astronomy, Active galactic nuclei, Blazars, Microvariability, Radio-loud, Seyfert
galaxies
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Well, what’s life without family, eh?
For Mom and Dad. Somehow, I just know you two are already
planning how to casually mention “my son, the doctor” in every
conversation you have with your friends for the next six months.
And for my sister, Michelle. I’m supposed to be respectable now, so just
remember that I still have as much dirt on you as you do on me, little girl!
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1Chapter 1
Introduction
The field of active galactic nuclei (AGN) has enjoyed enormous success in uniting an array of
seemingly disparate observed phenomena under a single conceptual framework. All AGNs are
now thought to consist of otherwise normal galaxies that host an accreting super-massive black
hole (SMBH) in their cores. This black hole is surrounded by a thick torus of hot gas and dust;
the observed differences between the various sub-types of AGN, from the closest Seyfert galaxies
to the most distant quasars, are now assumed to primarily be a simple consequence of the angle
at which the observer is viewing the central environment of the SMBH relative to this obscuring
torus. In radio-loud AGN, a collimated jet of plasma ejected at relativistic speeds perpendicular to
the plane of the accretion disk is added to this scenario.
It has now been over a century since the first observation of an AGN (Fath, 1909). In that time
astronomers have progressed from a state of near-complete ignorance of extragalactic astronomy—
uncertain even if the word “extragalactic” held any physical meaning at all or if our ownMilkyWay
represented the entirety of the universe — to constructing detailed, multi-wavelength simulations
of galaxy mergers that probe the basic questions of the physics and origins of AGNs. However,
it is the nature of the universe that our knowledge of it will never be complete, and so occasional
surprises are only to be expected. Since shortly after the turn of the millennium astronomers have
2become aware of a potential new class of AGN with properties shared by both Seyfert galaxies and
blazars. This study will attempt to add to the growing body of evidence for the existence of this
new class and describe the observed properties of the objects that represent it.
1.1 An Overview of Active Galactic Nuclei
Prior to the 1900s, it was unknown if so-called “spiral nebula” were objects residing within our own
galaxy or were distinct from the Milky Way. This debate was eventually settled by the Cepheid
variable observations of Edwin Hubble in the 1920’s, finally opening the field of extragalactic
astronomy as a major area of study (Hubble, 1925). Work in the early half of the 20th century
then focused on describing the characteristics of these objects; most notable to this discussion was
the revelation that a subset of spiral galaxies demonstrated spectra with nuclear emission lines
(Hubble, 1926), in what was to become the first major hint as to the existence of active galactic
nuclei. This period of astronomy culminated in the work of Carl Seyfert in 1943, which offered
the first systematic study of the galaxies that now bear his name (Seyfert, 1943). Though the work
of Seyfert was critical in offering a first description of the properties of AGNs, it was not until the
advent of radio astronomy that research into active galaxies truly took off.
After the conclusion of the second world war in 1945, radio engineers seeking employment
of their skills during peacetime turned to the field of astronomy, swiftly identifying now-famous
radio galaxies such as Cygnus A. Optical identification of these sources followed some years later.
One astronomer engaged in this effort was Allan Sandage, who in 1960 delivered an unscheduled
paper1 to the December meeting of the American Astronomical Society detailing his observations
of the radio galaxy 3C 48 (Matthews et al., 1961) . Sandage reported the existence of an optical
star-like object located at the coordinates of the radio galaxy. This object proved to be variable and
possessed an excess of UV emission when compared to normal stars, but its most noticeable feature
was spectroscopic — emission lines that were both broadened and located at wavelengths never
before seen. Sandage maintained that the object was nevertheless most likely a star within our
1Because it was off-schedule this paper was never published, though it was later summarized in the magazine Sky
& Telescope.
3own galaxy that happened to lie along the same line of sight. This explanation eventually began to
strain the concept of plausibility as the optical counterparts to an increasingly large number of radio
galaxies were discovered with similar star-like objects “superimposed” on them. These galaxies
have since come to be known as Quasi-Stellar Radio Objects (QSOs), or alternatively “quasars”.
In 1963, Maarten Schmidt realized that the previously inexplicable emission lines of a second
quasar, 3C 273, were in actuality nothing more exotic than the hydrogen Balmer series. The
reason these lines had not been immediately recognizable was due to a large redshift (z = 0.16,
fairly unremarkable by today’s standards but unexpected at the time), which had moved them to
unexpected locations. A reexamination of the spectrum of 3C 48 revealed that the previously
baffling emission lines were also simply due to redshifting, albeit at a higher degree. Schmidt
and the colleagues who had collaborated with him quickly published these results in a series of 4
related papers in Nature (Schmidt, 1963; Hazard et al., 1963; Greenstein, 1963; Oke, 1963).
It was now apparent that quasars were not near-by objects, but rather were hosted within the
radio galaxies with which they were associated. Given the distances implied by the measured
redshifts and the apparent magnitudes at which they were observed, quasars had to be significantly
brighter than even the brightest known galaxies, yet the emitting region was less than a kiloparsec
in diameter. An object of previously unimaginable power was obviously present in the hearts of
these galaxies.
Although they had been discovered through very different avenues of research and at different
times, similarities in the spectra between Seyfert galaxies and quasars eventually lead astronomers
to conclude that they belonged to the same class of objects, however different they might appear in
images. These were later joined by additional classes of AGN, such as blazars (discussed in greater
detail in section 1.2) and LINERS, characterized by their low nuclear emission and first defined as
a class by Timothy Heckman in 1980 (Heckman, 1980). By the early 1990s Robert Antonucci was
able to present a physical model that united all of these disparate classes into a single conceptual
framework (Antonucci, 1993; Urry and Padovani, 1995). A diagram of this model, often referred
to with cheerful disrespect as the “exploding bagel” model by the astronomers at GSU, can be
4Figure 1.1: The unified model of AGN
Credit: Urry and Padovani (1995)
found in Figure 1.1. More formally, it is generally referred to as the unified model of AGN.
The unified model states that at the center of every active galaxy there lies a super massive black
hole (SMBH) with a mass somewhere on the order of 105-1010 M . This SMBH is fundamentally
identical to those now thought to be present within virtually every quiescent galaxy — our own
included — except for one detail: the black holes of AGNs are actively accreting. The incredible
power observed in an AGN is therefore generated by the conversion of gravitational potential
energy into radiation as matter spirals closer to the black hole. In some AGNs, a jet is produced in
which particles are accelerated to relativistic speeds in a pair of highly collimated, helical structures
oriented along the axis of rotation and perpendicular to the plane of the disk. Why some AGN are
capable of producing these jets while others cannot is currently poorly understood.
5In addition to the black hole, disk, and jet (if present), an AGN is also thought to be surrounded
by clouds of gas divided into two distinct regions. The inner-most area is known as the Broad-Line
Region (BLR), so called because emission lines detected from this environment are broadened due
to the high velocity of gas close to the black hole. The second area is called the Narrow-Line
Region (NLR) for the opposite reason; being further away from the black hole, emitting gas has
a lower velocity and therefore the spectral lines are less broadened. The final component of the
standard model consists of a thick, obscuring torus of gas and dust that lies in the same plane as
the accretion disk, surrounding it but also extending a significant distance both above and below
it. It should be noted, however, that it is difficult to explain how this torus can retain its structure
without flattening out into an extension of the disk. An alternative explanation consists of outflows
of gas and dust blasted off the edges of the accretion disk by hydromagnetic winds (Emmering
et al., 1992). The entire system is at most a few parsecs in radius and is likely smaller, roughly
comparable in size to our own solar system (although the NLR can extend significantly further, on
the order of hundreds of parsecs).
Torus or outflow, the last component of the unified model is invoked to explain many of the
differences in the observed spectra of various types of AGN. This can be seen most clearly in Figure
1.2 when comparing Seyfert 1 and Seyfert 2 galaxies or their radio-loud equivalents, Broad-Line
Radio Galaxies (BLRGs) and Narrow-Line Radio Galaxies (NLRGs) respectively. Both Seyfert
1s and BLRGs show both broad and narrow emission lines, whereas Seyfert 2s and NLRGs show
only the narrow lines. According to the unified model, this is simply a result of different lines of
sight rather than any intrinsic physical difference between sources. In the case of Seyfert 2s and
NLRGs, the line of sight to the central region of the AGN is obstructed by the torus; the inner
BLR is therefore hidden and only emission from the outer NLR can be detected. When viewing a
Seyfert 1 or a BLRGs, on the other hand, the line of sight is at an angle relative to the plane of the
disk, allowing the observer to bypass the torus and see into the BLR. Figure 1.1 provides a diagram
of these lines of sight.
6Figure 1.2: The spectra of various types of AGN
This figure was obtained from the personal website of Bill Keel at the University of Alabama at the
following URL: http://www.astr.ua.edu/keel/agn/spectra.html. Of particular note is the presence of
both broad and narrow emission lines in Seyfert 1 galaxies and BLRGs, whereas only narrow lines
are detected in Seyfert 2 galaxies and NLRGs.
1.2 Blazars: an extreme class of AGN
Blazars represent a specific case of radio-loud AGN where the relativistic jets happens to lie al-
most directly along the line of sight. This unique orientation produces relativistic beaming effects
whereby light is preferentially emitted along the direction of motion and therefore enhances the
perceived brightness of the jet headed toward the observer while dimming the jet headed away.
Thus, it is common to detect only one jet when viewing a blazar.
In practice, blazars are often divided into a somewhat confusing array of subclasses, generally
based on observed spectral features or the shape of their spectral energy distributions (SEDs). The
7Figure 1.3: Microvariability in a blazar
Rapid optical variability seen within a single night of observation for the blazar 0716+714. This
figure was taken from Pollock et al. (2007).
first class, BL Lac objects, are defined as having featureless spectra, although very weak lines can
sometimes be seen when an object is in a faint state. Refer back to Figure 1.2 for an example of this
sort of spectrum. BL Lac objects can be contrasted with Optically Violent Variable (OVV) sources,
also commonly called Flat Spectrum Radio Quasars (FSRQs), which have strong emission lines.
FSRQs are dominated by (but do not completely overlap with) a third group known as Low energy
peaked BL Lac objects (LBLs), which as a class are contrasted with High energy peaked BL Lacs
(HBLs). The differences between HBLs and LBLs will be more throughly explored in section
1.2.2.
1.2.1 Variability
As a further consequence of the relativistic beaming that is a result of their specific orientation,
blazars are remarkably variable objects. Because photons in the jet are preferentially emitted in
the direction of the jet’s forward motion (which in this case means almost directly at the observer),
small and transient events that would otherwise never reach the threshold of detectability can easily
be observed. Furthermore, discreet events will appear more rapid in the observer’s frame due to
the effects of time dilation. Blazars can therefore be seen to vary on even the shortest time scales,
8down to the order of a few hours or less. In fact, BL Lacertae itself, the object from which an
entire class of blazars derive its name, was first mistaken for a variable star until it was eventually
identified as an extragalactic radio source (Schmitt, 1968). Variability on these extremely rapid
time scales is often referred to as “intranight” variability or (as will be the case for the remainder
of this document) microvariability, terms that were coined in Wagner and Witzel (1995) and Miller
et al. (1989) respectively. An example of such rapid variability can be seen in Figure 1.3
As an aside, it should be noted that the existence of microvariability in blazars was originally
discounted. Evidence of the phenomenon was seen in the very earliest studies of quasars (Matthews
and Sandage, 1963), but many astronomers attributed these observations to atmospheric effects
rather than any processes intrinsic to the source. However, several decades of monitoring numerous
blazars eventually supported the reality of this behavior (Miller et al., 1974; Miller, 1988; Carini
et al., 1990, 1991).
In addition to being extremely rapid, the variability of blazars is also of remarkably high am-
plitude. The very term “blazar” reflects this fact, having been invented by Edward Spiegel during a
1978 banquet speech in reference to their violent, “blazing” nature (Angel and Stockman, 1980). It
is not unheard of for blazars (particularly LBLs) to vary by more than a magnitude within a single
night of observation. On larger time scales of months or years, blazars can vary by as much as 5
magnitudes or more, as seen in the decadal behavior of the blazar Markarian 421 in Figure 1.4.
In recent years, blazars have been subjected to world-wide, intensive monitoring campaigns such
as the Whole Earth Blazar Telescope (WEBT) or the GLAST-AGILE Support Program (GASP),
providing essentially continuous, intensive monitoring of selected sources (Mattox, 1998; Raiteri
and Villata, 2008).
Finally, it should be noted that stellar microlensing has been ruled out as a probable cause for
the intranight variability detected in the vast majority of blazars. Were these rapid events to be due
to microlensing, then absorption lines at multiple redshifts would be expected to be found within
their spectra. With only very rare exceptions such as the AO 0235+164, this is not the case for












Figure 1.4: Long term light curve of MKN 421
This figure is reprinted fromMiller (1975). Data was obtained fromHarvard College Observatory’s
archival plates. Magnitudes are in the optical B band.
1.2.2 Multi-wavelength Behavior
All AGN, including blazars, emit across the electromagnetic spectrum. Particular to blazars is
a distinctive, double-peaked shape to their spectral energy distribution (SED), as can be seen in
Figure 1.5. The lower energy peak, found somewhere in the infrared (IR) to ultraviolet (UV)
regimes, is caused by synchrotron emission of the relativistic charged particles spiraling along the
magnetic field lines of the jet. Two classes of blazar, the LBLs and the HBLs, are defined by the
location of this peak, with the former having a maximum in the IR and the latter in the UV. The
second peak lies in the hard x-rays or gamma-rays, and is due to inverse Compton scattering of
lower energy photons off of these same charged particles. It is a matter of some debate where the
seed photons for this scattering effect originate, but the most common explanation is that they are
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Figure 1.5: Generic SEDs of two blazars
This figure was obtained from the following URL: http://physics.gmu.edu/~rms/blazars/
emitted from the jets themselves. Therefore, a reader will often find the phrases “self-Compton
up-scattering” or (more commonly) “Synchrotron Self-Compton” used in reference to this peak in
the literature. It should also be noted that due to the highly variable nature of blazar emission, the
shape of the SED particular to any individual object is subject to change; both the amplitude and
peak frequencies of the SED can shift during major flare events (Villata et al., 2006), although not
to the extent of transforming an LBL-type object into an HBL (or vice versa).
Since the 1980s several campaigns have investigated the multi-wavelength variability of nu-
merous blazars, searching for correlations in the radio, IR, optical, UV, x-ray, and gamma-ray
emission. Such efforts require near-simultaneous data collection from a variety of instruments
(generally one for each wavelength) that must be expected to stop normal observations and focus
on a single target the moment it begins to demonstrate some interesting behavior. However, the re-
wards of such endeavors are often commensurate with the expense. For example, a sudden flare at
high energies which then propagates to increasingly longer wavelengths can indicate the presence
11
Figure 1.6: Multi-wavelength study of a blazar
Multi-wavelength behavior of the blazar 3C 454.3 during a historic g-ray flare. Note the presence
of a major peak seen at all wavelengths (where sufficient data is available) at JD=2455520. This
can be contrasted to the much sharper peak at JD=2455510 in the optical/UV wavelengths that
does not appear in the g-rays or radio regimes. This figure is taken from Vercellone et al. (2011).
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of a shock front forming in the inner regions of the AGN and traveling down the jet. Thus, by ob-
serving a blazar across the electromagnetic spectrum and looking for correlations or lags between
bands it is possible to infer details about the physical structure of the emitting region.
However, as previously stated, blazars will often not show any detectable correlations. In-
deed, individual objects have been known to show correlations at certain epochs or time scales, but
follow-up observations may find no sign of them. Examples of both correlated and non-correlated
emission can be seen in Figure 1.6. Understanding the multi-wavelength variability is a subject of
on-going research, although there are some indications that different wavelengths become increas-
ingly correlated when a given blazar is at a higher flux state (Osterman et al., 2007).
1.2.3 Polarization
At lower energies blazars are often highly polarized, particularly in the optical and radio regimes.
During flare states, blazars have been known to reach optical polarizations on the order of 30%
(Tinbergen, 1996). This polarization is a consequence of the magnetic fields responsible for gen-
erating the synchrotron emission from the jet that peaks in this energy range. Therefore, by inves-
tigating changes in the polarized behavior of blazars astronomers gain a direct method of probing
the structure of the jet itself.
Polarization values for objects of interest will be compared to values observed for blazars
as a class, but no further study will be attempted. If the reader is interested in the polarized
behavior of blazars and similar objects, they are encouraged to read the dissertation of Joseph
Eggen, which was prepared in collaboration with (and in many respects serves as a companion to)
this investigation (Eggen, 2014a).
1.3 Very Radio-Loud Narrow-Line Seyfert 1 Galaxies
Narrow Line Seyfert 1 Galaxies (NLSy1s) are a subclass of AGN defined spectroscopically by the
width of their Balmer emission lines (FWHM Hb < 2000 km/s) and the relative strength of these
lines in comparison to their forbidden OIII lines ([OIII] / Hb < 3) (Osterbrock and Pogge, 1985;
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Goodrich, 1989). A third criterion, the presence of FeII emission, is often included but is not part
of the formal definition. The “narrow-line” component of their names is derived from the fact that
in these objects the broad line region fails to live up to its name, producing the least broadened
Balmer lines of any AGN. Physically, this is often taken to indicate that NLSy1s host relatively
low-mass SMBHs. Interestingly, and despite their small sizes, the black holes of NLSy1s appear to
be accreting at or near the Eddington rate (Boroson and Green, 1992). An alternative explanation
— and one that will be of particular significance to this paper — is that NLSy1s are viewed at a
near face-on viewing angle. In this scenario, the bulk motion of the BLR is nearly tangential to the
line of sight, and therefore only weakly redshifted or blueshifted.
In 1989 the NLSy1 PKS 0558-504 became the first object of its class to be classified as radio-
loud (Remillard et al., 1989). As similar narrow-line Seyfert galaxies were gradually discovered
over the years this has proved to be unusual; most (93%) of NLSy1s are radio quiet, formally
defined as having a radio loudness parameter R < 10, where R is the ratio between the observed
flux in the 5 GHz radio band compared to the optical B band (Komossa et al., 2006). Even where
radio loudness is detected, most NLSy1s tend to barely qualify, with a mere 2.5% reaching the R >
100 threshold for very radio loud objects. It would therefore seem that relativistic jets are a rarity
among NLSy1s, and are comparatively weak when present.
The Compton Gamma-Ray Observatory (CGRO) was launched in 1991, and equipped with
the EGRET instrument this telescope was able to conduct the first all-sky survey in the gamma-
ray regime, revealing a number of variable extragalactic sources. In 2008, CGRO was succeeded
by the more sophisticated Gamma-Ray Large Area Space Telescope (GLAST), later renamed the
Fermi Space Telescope in honor of Enrico Fermi. The principle instrument on board Fermi is the
Large Area Telescope (LAT), capable of detecting photons with energies up to ~300 GeV (ten
times higher than EGRET) and boasting a field of view equal to 2.4 steradians2 (Atwood et al.,
2009).
As can be seen in Figure 1.7, active galaxies are by far the most prominent class of objects in
2This is approximately one fifth of the entire sky.
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Figure 1.7: The gamma-ray sky as seen by Fermi
the gamma-ray sky, with the overwhelming majority of known objects identified as blazars. Only
1% of the sources detected by Fermi are non-blazar AGNs, but these are the objects that will be of
particular interest to this paper. Within months of first light, Fermi detected gamma-ray emission
from a highly unusual object with the designation J0948+0022. A multi-wavelength campaign
swiftly ensued and discovered that the object possessed the classic double-peaked SED indicative
of a blazar (Abdo et al., 2009a). As seen in Figure 1.8, the SED closely resembled that of an LBL.
At the same time, J0948+0022 demonstrated a FWHMHb⇡ 1500 km/s and weak forbidden lines,
indicative of a NLSy1. Confusing the issue still further, the object was found to be very radio loud,
having a radio loudness of log(R) = 2.93. By the end of the year, three more such objects had been
identified, leading to the possibility of the existence of a new class of gamma-ray loud AGN, the
very radio-loud narrow-line Seyfert 1 galaxies (Abdo et al., 2009b).
The observed properties of very radio-loud NLSy1s implies that not only do they host a rel-
ativistic jet (as indicated by the fact that they are radio-loud), but that this jet shares the unique
line-of-sight orientation definitive to blazars (as suggested by the double-peaked SED and gamma-













Figure 3. Evolution of the radio spectrum of PMN J0948+022. Filled circles
denote the Effelsberg observations of 2009 January. Archival data are shown in
gray: triangles represent VLBA measurements conducted in 2003 October (Doi
et al. 2006) and diamonds represent archival Effelsberg measurements obtained
in 2006 (Vollmer et al. 2008).
3.3. Radio
3.3.1. Effelsberg
The centimeter spectrum of PMN J0948+0022 was observed
with the Effelsberg 100 m telescope on 2009 January 24 (MJD
54855.5) within the framework of a Fermi-related monitor-
ing program of potential γ -ray blazars (F-GAMMA project;
Fuhrmann et al. 2007). The measurements were conducted with
the secondary focus heterodyne receivers at 2.64, 4.85, 8.35,
10.45, 14.60, and 32.00 GHz. The observations were performed
quasi-simultaneously with cross-scans, that is, slewing over the
source position, in azimuth and elevation directions, with adap-
tive numbers of sub-scans for reaching the desired sensitivity
(for details, see Fuhrmann et al. 2008; Angelakis et al. 2008).
Pointing offset correction, gain correction, atmospheric opacity
correction, and sensitivity correction have been applied to the
data.
The radio spectrum acquired has a convex shape with a
turnover frequency between 10.45 and 14.60 GHz (Figure 3).
The low-frequency part spectral index α10.452.64 , measured between
2.64 and 10.45 GHz, is −0.18 ± 0.02, whereas the high-
frequency optically thin spectral index α3214.6 = 0.39.
The comparison of the acquired spectrum with previously
observed ones (Vollmer et al. 2008; Doi et al. 2006) reveals
that the source is presently in a much lower flux density state
(see Figure 3). This indicates intense variability. From the
change of the 4.85 GHz flux density over about three years
(Vollmer et al. 2008), we estimate a variability brightness
temperature (e.g., Fuhrmann et al. 2008) of 1.4 × 1011 K.
Assuming the equipartition brightness temperature limit of
∼1011 K (Readhead 1994), we obtain a lower limit for the
Doppler factor of δ > 1.4.
3.3.2. Owens Valley Radio Observatory
PMN J0948+0022 has been regularly observed from 2007
September 4 at 16:25 UTC to 2009 February 11 at 06:53 UTC
(MJD 54347.68−54873.29) at 15 GHz by the OVRO 40 m
telescope as part of an ongoing Fermi blazar monitoring program
of all 1159 Candidate Gamma-Ray Blazar Survey (CGRaBS)
blazars north of decl. −20◦ (Healey et al. 2008). Flux densities
were measured using azimuth double switching as described in
Readhead et al. (1989). The relative uncertainties in flux density
Figure 4. SED of PMN J0948+0022. Fermi/LAT (five months of data), Swift
XRT and UVOT (2008 December 5), Effelsberg (2009 January 24) and OVRO
(average in the five months of LAT data, indicated with a red diamond) are
indicated with red symbols. Archival data are marked with green symbols.
Radio data: from 1.4 to 15 GHz from Bennett et al. (1986), Becker et al.
(1991), Gregory & Condon (1991), White & Becker (1992), Griffith et al.
(1995), and Doi et al. (2006). Optical/IR: USNO B1, B, R, I filters (Monet et al.
2003); 2MASS J, H, K filters (Cutri et al. 2003). The dotted line indicates the
contributions from the infrared torus, the accretion disk, and the X-ray corona.
The synchrotron (self-absorbed) is shown with a small dashed line. The SSC and
EC components are displayed with dashed and dot-dashed lines, respectively.
The continuous line indicates the sum of all the contributions.
(A color version of this figure is available in the online journal.)
result from a 5 mJy typical thermal uncertainty in quadrature
with a 1.6% systematic uncertainty. The absolute flux density
scale is calibrated to about 5% using the model for 3C 286 by
Baars et al. (1977). This absolute uncertainty is not included in
the plotted errors.
PMN J0948+0022 has been reported to show variability by
a factor of 2 in radio over year timescales (Zhou et al. 2003)
and ∼31% fluctuations in month timescales (Doi et al. 2006).
The OVRO 40 m 15 GHz time series shows a clear structure at
timescales down to weeks and year-scale fluctuations by a factor
of 4 (Figure 2, panel (C)). The rapid variability we observe in
this object—at least 400 mJy in 77 days or 5 mJy/day—enables
us to determine a variability brightness temperature of∼2×1013
K, assuming the ΛCDM cosmology described in Section 1.
It is often not easy to determine the optically thin spectral
index of blazars at radio frequencies because they are complex
structures, with different regions becoming optically thin at
different radio frequencies. In the present case, the most recent
results show a turnover between 10 and 15 GHz, and a 15–
30 GHz spectral index of ∼0.4, but we do not believe that this
is the optically thin spectral index. It is much more likely that
one still sees synchrotron self-absorption so that the spectrum
between 15 GHz and 30 GHz is much flatter than the true
optically thin spectral index. In such cases, it is safer to assume
an optically thin spectral index of 0.75 and to use the frequency
of observation. These only have a small effect on the derived
Teq unless α is very close to 0.5, which is too flat, in our view,
for an optically thin spectral index in most cases.
The equipartition brightness temperature (Readhead 1994),
in the current cosmological model, is then Teq∼ 5.5 × 1010 K,
assuming an average optically thin spectral index of 0.75, and
hence the equipartition Doppler factor is δ ∼ 7, which is typical
Figure 1.8: SED of J0948+0022
This figure first appeared in Abdo et al. (2009a). Note the double peak structure of the actual data
(not the modeling), and how similar it is to Figure 1.5.
ray emission). They are distinct from blazars in that the morphology of their host galaxies have
empirically been found to be spirals, whereas the host galaxies of blazars have been observed to
be elliptical galaxies3 (Urry et al., 2000). Radio-loud NLSy1s may therefore be the previously
“missing” blazar population associated with spiral galaxies.
1.4 Synopsis of Dissertation
The case for very radio-loud NLSy1s being blazar-like AGN is a strong one. However, not all
aspects of blazar behavior have yet to be investigated in this new class. Most notably, there have
been few r ported attempts to detect the short-term, intranight variations that are commonly seen
among blazars. Of those investigations that do exist, all of them focus on individual sources rather
3With the single exception of PKS 1413+135, which appears to be hosted in an edge-on lenticular galaxy
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than the class as a whole. The lack of any such systematic analysis is perhaps understandable;
many of the currently known radio-loud NLSy1s are unfortunately faint, and detections of mi-
crovariability necessitate the dedication of a great deal of observing time. This thesis will provide
such a systematic study of this class of AGN.
A sample of approximately three dozen radio-loud NLSy1 galaxies has been assembled to test
for the existence of microvariability. These objects have been selected from the sample of Yuan
et al. (2008), choosing only those objects with R   100. Additional radio-loud NLSy1s (including
those at lower R values) were obtained from Komossa et al. (2006) and Whalen et al. (2006). The
full sample of objects that will be used in this investigation can be seen in Table 1.1.
The remainder of this document will be organized as follows: Chapter 2 will discuss the acqui-
sition and processing of the data used in this study, as well as how a determination of microvariabil-
ity is made. Chapter 3 will present the observations for each object and will provide commentary
on selected objects. Chapter 4 will summarize the results of this project, identifying those objects
that have shown blazar-like activity. Chapter 5 will present the conclusions and identify future
directions of research. Finally, optical finding charts and the full data sets for each object are pre-
sented in Appendix A, the analysis software used in this study can be found in Appendix B, and a
list of abbreviations used throughout this document can be found in Appendix C.
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Table 1.1: Sample List
Columns are: (1) name of the object, (2) right ascension (2000), (3) declination
(2000), (4) redshift, (5) radio loudness, (6) Test Statistic values for g-ray detections,
and (7) g-ray loudness (Definitions of TS and log(G) are found in section 2.2)
Object R.A. Dec. z log(R) TS log(g)
J0100-0200 01 00 32.22 -02 00 46.00 0.227 1.77 9.65 6.27
IRAS 01506+2554 01 53 28.30 +26 09 40.00 0.326 1.40 –
1H 0323+342 03 24 41.16 +34 10 45.86 0.063 2.50 280.31 6.81
J0706+3901 07 06 25.12 +39 01 51.55 0.086 1.21 10.50 7.79
J0723+5054 07 23 02.33 +50 54 48.00 0.203 1.29 – –
J0744+5149 07 44 02.28 +51 49 17.50 0.460 1.62 – –
J0804+3853 08 04 09.24 +38 53 48.83 0.211 1.18 10.77 7.06
J0849+5108 08 49 57.98 +51 08 29.02 0.583 3.16 790.76 7.33
IRAS 09426+1926 09 45 29.22 +19 15 48.70 0.284 1.56 – –
J0948+0022 09 48 57.32 +00 22 25.51 0.584 2.93 402.14 6.09
J0956+2515 09 56 49.87 +25 15 16.20 0.712 3.56 95.95 6.48
J1038+4227 10 38 59.58 +42 27 42.21 0.220 1.30 – –
J1047+4725 10 47 32.69 +47 25 32.01 0.800 4.09 – –
J1102+2239 11 02 23.38 +22 39 20.69 0.453 1.28 14.57 6.96
J1140+4622 11 40 47.90 +46 22 04.79 0.115 1.36 – –
J1146+3236 11 46 54.29 +32 36 52.38 0.465 2.19 12.61 6.88
J1227+3214 12 27 49.14 +32 14 59.00 0.137 1.36 – –
J1246+0238 12 46 50.20 +02 40 16.00 0.091 2.38 17.13 7.74
J1333+4141 13 33 45.47 +41 41 27.66 0.225 1.06 – –
J1358+2658 13 58 45.37 +26 58 08.48 0.330 1.11 – –
J1405+2657 14 05 04.80 +26 57 27.54 0.713 1.09 – –
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Table 1.1 cont.
J1421+2824 14 21 14.06 +28 24 52.90 0.538 2.14 – –
J1435+3132 14 35 09.50 +31 31 47.97 0.502 2.98 – –
J1443+4725 14 43 18.56 +47 25 56.66 0.703 3.03 27.81 7.25
PKS 1502+036 15 05 06.48 +03 26 30.80 0.411 3.53 36.60 5.81
RX 16290+4007 16 29 01.31 +40 07 59.94 0.272 1.61 – –
J1633+4718 16 33 23.57 +47 18 58.83 0.116 2.19 – –
J1644+2619 16 44 42.53 +26 19 13.30 0.145 2.73 52.25 7.01
B3 1702+457 17 03 30.41 +45 40 47.08 0.061 2.01 – –
J1709+2348 17 09 07.81 +23 48 37.76 0.254 1.06 – –
J1713+3523 17 13 04.46 +35 23 33.65 0.083 1.05 12.03 7.08
IRAS 20181-2244 20 21 04.40 -22 35 18.00 0.185 1.57 9.42 6.89




The data used in this work were obtained from a variety of telescopes working at several wave-
lengths. Although the bulk of the data were obtained from Lowell Observatory, other sources
include the Owens Valley Radio Observatory (OVRO), the Cerro Tololo Inter-American Observa-
tory (CTIO), and NASA’s Fermi-LAT space telescope; a summary of the basic characteristics of
these instruments can be found in Table 2.1 on the following page. While data from some of these
instruments were provided pre-reduced, others required significant processing before their results
could be compared to other sources. Further, some basic information about individual objects such
as redshift or radio loudness was obtained from the literature. With data being obtained from such
disparate sources, care had to be taken to ensure that the results reported in this document were
both consistent and reliable.
2.1 Optical Data
The optical data used in this investigation were primarily obtained from the Lowell Observatory’s
31”, 42”, and 72” telescopes at Anderson Mesa, located just outside of Flagstaff, Arizona. Im-
ages from the 31” telescope were obtained remotely through the use of the instrument’s automated
capabilities; the larger telescopes required an observer to be on-site. Data were obtained in approx-
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Table 2.1: Telescope Parameters
Telescope Observatory Bandpass Detector Field of View
40m OVRO 15 GHZ —— 157” radius
SMARTS 1.3m CTIO optical/IR ANDICAM 6.0’ x 6.0’
31” NURO Lowell optical NASAcam 15.6’ x 15.6’
42” Hall Lowell optical SITe 19.4’ x 19.4’
72” Perkins Lowell optical PRISM 13.6’ x 13.6’
Fermi-LAT space telescope 20 MeV-300 GeV —— 60º radius
Fields of view for the Lowell instruments assume 2x2 binning.
imately 6-day intervals (with a total range of 4-16 days) spaced roughly one month apart. Usually,
observing windows were centered on the new moon. As it would have been unfeasible for an in-
dividual graduate student to travel to Flagstaff once every lunar cycle, by mutual agreement I and
fellow graduate student Joseph Eggen agreed to take alternate observing sessions. Whomever was
at the telescope would then collect data for both of our respective projects. Therefore, it can be
assumed that roughly half of the data from Lowell appearing in this document were obtained by
each of us, with only minor contributions coming from additional observers.
Observations at Lowell related to this project began November 2010 and continued to be col-
lected until April 2014. In that time span, 336 nights were allocated to our research projects across
the three instruments. Photometry data was actually collected on 285 of these nights; the remain-
der were either lost due to poor weather or were spent collecting data for Joseph Eggen’s project.
The automated observing sessions on the 31” telescope frequently overlapped with those of the
42” and 72”; in these cases, the 31” was typically instructed to obtain observations of 5-10 objects
while the human observer on the other telescope studied a second set of objects. A summary of the
optical data obtained at Lowell can be found in Table 2.2.
Additional optical data were obtained from the 1.3-meter SMARTS telescope at the Cerro-
Tololo Interamerican Observatory (CTIO) in Chile. This instrument will be referred to as the
“SMARTS telescope” for the remainder of this document. Images from this telescope were ob-
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Table 2.2: Summary of Optical Data by Telescope
(Number of allocated nights are in parentheses)
Telescope Observing Nights Observations
Whole Sample 285 11,920
Lowell 31” 80 (169) 3,903
Lowell 42” 57 (91) 3,678
Lowell 72” 68 (151) 4,183
SMARTS 1.3m 138 156
tained by on-site observers and uploaded to an online server; the data was then periodically down-
loaded by members of the PEGA group to be used locally. The SMARTS telescope obtained data
for the PEGA group approximately 3 out of every 4 nights from November 2010 to April 2014,
for a total of 968 nights. However, in contrast to the Lowell instruments typically only 1-3 objects
were observed each night, and so the SMARTS telescope was primarily used to keep track of on-
going activity between the more focused observing sessions at Lowell. Furthermore, the bulk of
the SMARTS data were not directly related to this project, consisting instead of on-going blazar
monitoring as part of several long-term studies, largely due to the fact that only a few of the radio-
loud NLSy1s in the sample could be seen from the southern latitude at which CTIO is located. In
the end, only 14% of the SMARTS observations were used in this project, but this still accounted
for 138 nights of data, as can be seen in Table 2.2.
2.1.1 Optical Data Reduction
All of the data from the Lowell telescopes were obtained through the use of modern charge-coupled
devices (CCDs) and were processed in a fashion that should be familiar to most astronomers. For
each telescope, bias frames were taken at the beginning of every night of observation and then
combined into a single master bias. A bias frame (sometimes called a zero frame) consists of a
zero-second exposure image with the camera shutter closed; as it would be impossible under these
conditions for the detector to have actually received any signal, such an image provides a useful
method of determining the base charge level automatically applied to every frame as well as the
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read-out noise of the instrument. This noise is primarily caused by electronic sources, such as stray
currents during the read-out process. Though ideally the bias-level noise will be uniform across
the detector, imperfections in the structure of the chip will induce minor variations. By combining
multiple bias frames into a single averaged master bias these variations are minimized, while at the
same time removing the effects of transient sources such as cosmic rays.
In a similar manner, a set of ten flat fielding images were obtained at least once per observing
session and then combined into an averaged master flat frame (although more typically flats were
acquired on multiple nights and a master flat was created for each individual night). Flat fielding
images help to improve the quality of science frames by removing the effects of nonconformity
in pixel sensitivity, image distortions such as vignetting, and by accounting for obstructions in
the optical path such as dust grains on the telescope lens. This is accomplished by acquiring an
evenly illuminated, unfocused image using the same filter as the science data, either by aiming the
telescope at a blank screen or the empty sky during twilight1. Under these circumstances any pixel
to pixel variations will be entirely due to the previously mentioned effects, which can therefore
be quantified and removed from the science images. By taking multiple flats and averaging them
together transient effects are minimized or removed, as was the case with the bias frames.
No dark frames were obtained due to the fact that the CCD cameras of all three telescopes
are cooled using liquid nitrogen to the point that dark current is considered negligible. Once
the master bias and flat images had been created for an observing session, they were applied to
the accompanying science frames using standard Image Reduction and Analysis Facility (IRAF)
routines. First, the master bias file was subtracted from each object frame. Then the science images
were divided by the master flat, resulting in object images cleansed of imperfections in the optical
light path or the CCD electronics. Typically this process was automated using the “pegaproc”
reduction script written by former graduate student John McFarland.
Data reduction for the SMARTS telescope was virtually identical to that of data taken at the
1It was decided that flat fielding images at Lowell would be acquired through the use of an in-dome screen rather
than sky flats, given that the former technique is not dependent on twilight conditions and testing proved no discernible
difference in the resulting data using either technique.
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Figure 2.1: Example Finding Chart
Finding Chart for the NLSy1 J0100-0200. The object is in the center of the field and is indicated
by the vertical lines. Comparison stars are circled and numbered.
Lowell instruments, except that images were processed at CTIO before being retrieved by the
PEGA group from their online servers. As a final note, all of the optical data used in this project
were taken using a standard Johnson R band filter. This filter was chosen so as to be consistent
with the archived observations of blazars and other AGN obtained by previous graduate students,
the majority of which were also in the R band.
2.1.2 Optical Photometry
As is generally the case with optical studies of blazars, the optical data that will be presented in this
paper was processed using the differential aperture photometry technique. This process involves
the selection of several foreground stars in the same field as the target object, as shown in Figure
2.1. These stars are assumed to be non-varying sources (see section 2.1.3 for a justification of this
assumption) on both long and short time scales. Because both the target of investigation and the
check stars are located in the same image, any changes in airmass, seeing, etc. that occur over the
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Figure 2.2: GUI for the CCDPhot program
course of the night will affect all objects equally, allowing for direct comparisons between them.
This also allows for a more efficient use of telescope time, as science images effectively double as
their own calibration frames.
For a given image, artificial apertures were placed around the target of interest and the compar-
ison stars that lie within the field; having more check stars generally allowed for better statistics,
but the stars chosen were preferably of a similar magnitude to the object. This was accomplished
through the use of the CCDPhot program written by Marc Buie using Interactive Data Language
(IDL) tools and shown in Figure 2.2. This tool allows the user to define the location of the ob-
ject and an unlimited number of in-field comparison stars within a frame. Once these positions
are defined, the script will rapidly determine the instrumental brightnesses of these sources on all
available images. Small offsets of a few pixels between images can be automatically tracked, but
larger shifts of the object across the CCD will pause the script and require the user to redefine it’s
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location. The new positions of the previously defined comparison stars can then be automatically
re-determined based on this new position. As each frame is processed the image is briefly displayed
on the computer screen, allowing the user to track events such as passing clouds or satellites.
An aperture radius of seven arc-seconds was chosen when working with all of the data that
appears in this document in order to assure consistency between differing objects and epochs;
this also makes the data presented in this study consistent with the published blazar work from
previous graduate students, ensuring ease of comparison between samples. The background level
was determined from an annulus that was centered on each aperture, then subtracted from the
measured values2. The instrumental magnitudes of the target and comparison stars were then
calculated and the results written to an output file.
If (as assumed) the chosen comparison stars are non-varying sources then the relative differ-
ences between their instrumental magnitudes will remain constant, as any transient effects having
to do with the local atmosphere will affect all of them equally. The differential magnitude be-
tween the comparison stars and the target, however, will not be constant if the target is of varying
brightness. Therefore, the magnitude of the object of interest can be determined by comparing the
brightness of each available field star to the target.
If the apparent magnitudes of the comparison stars are known, an offset between these values
and their observed instrumental magnitudes can be found. Ideally, because all of the stars lie in the
same image this offset should be identical for every object. Once found, the apparent magnitude
of the target of interest can be determined by applying the same offset to it. This technique has
the advantage of allowing measurements of the apparent magnitude of the object to be directly
compared to results found during other nights or when using other instruments. The drawback is
that the uncertainty of the measurement is increased, as one must now account for the spread in the
instrumental/apparent magnitude offset and the uncertainties in the measurement of the brightness
2A minority of the objects in the sample have extended host galaxies that lie within this annulus and therefore
increased the calculated background level. This lead to decreased signal-to-noise, but given that these objects were
also among the brightest in the sample it was only a minor contribution to the overall uncertainty. A solution would be
to model and artificially subtract the contribution of the host galaxy from images of these sources, but time constraints
prevented this from being done.
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Figure 2.3: GUI for the LCGen program
of the comparison stars.
As was the case with the data reduction process, performing differential photometry on every
object for every night the PEGA group collected data was unfeasible without the use of automated
scripts due to the large amount of observational data. Therefore, at the beginning of the project I
wrote the LCGen (Light Curve Generator) program, as shown in Figure 2.3. In single-night mode,
this script uses the output files of CCDPhot to perform differential photometry for all data on the
selected target in a given night of observation, as outlined above. The script then automatically
selects an appropriate time and magnitude scaling and displays the data as a light curve. Once I
am satisfied with the results, the light curve and photometry data are written to output files. In
multi-night mode, I can ask the program to find and display the results from all nights of data
for a given target in a selected filter, either limiting the search to data from a single telescope or
permitting it to access all data from all sources. I can then dynamically zoom in to any regions
of interesting activity on any time scale. The script is also able to recognize multiple names for
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Table 2.3: Variability of Various Types of AGN
Data were obtained fromMiller and Noble (1996), Netzer et al. (1996), Ferrara (2000), Carini et al.
(2003), Campbell (2004) and Goyal et al. (2013).
Approximate Approximate Maximum Amplitudes
Source Type Duty Cycle Microvariability Long-Term Variability
Radio Quiet NLSy1s 4% 4m ~ 0.05 4m ~1
Radio Quiet Quasars 10% 4m ~ 0.10 4m ~1
Radio-Loud Quasars 19% 4m ~ 0.10 4m ~1
HBL and TeV Blazars 45% 4m < 0.15 4m ~ 2
LBL Blazars 80% 4m > 0.20 4m ~ 3
individual objects: for example, it can be told (and later remember) that the names “BL Lac” and
“PKS 2200+420” refer to the same object, and so it will find archived data registered under either
name. All light curves that appear in this document were made through the use of LCGen. The
IDL code for the script itself can be found in Appendix B.
2.1.3 Duty Cycles
Although more consistently active than other populations of AGN, blazars are only intermittently
found in a microvarying state. This fact requires an additional parameter to be taken into account
in order to accurately describe the relative variability of an object. For example, it two AGNs are
found to have a maximum intra-night variability of 0.5 magnitudes then one might conclude they
are similarly active. However, if one of the objects demonstrates these variations twice out of 10
nights while the other shows similar activity 7 out of 10 nights, then it is obvious that the latter
object is more active than the former. Ideally, these observations would be spread over a significant
range of time, as AGNs are known to periodically enter relatively active or quiescent states and
this would allow such long-term trends to be averaged out.
The concept of a duty cycle allows astronomers to parameterize the frequency of an object’s
variations. The duty cycle is simply defined as the relative fraction of time that an object spends
in an active state compared to the total observing time. The two objects in the previous example
would therefore have duty cycles of 20% and 70% respectively. As can be seen in Table 2.3, the
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Figure 2.4: Microvariability with poorly sampled data
During the gaps in the light curve, a second radio-loud NLSy1 was observed along with the pre-
sented object on this night. Although this lowered the cadence at which either object was moni-
tored, microvariability can still obviously be detected.
variability of various classes of AGN show distinct differences in both amplitude and duty cycle.
For example, radio-quiet narrow-line Seyfert 1 galaxies demonstrate microvariations of no more
than 0.05 magnitudes at a very low duty cycle of ~4%, based on observations of 14 objects over 72
nights of observation (Ferrara, 2000). This can be contrasted with LBL-type blazars, which possess
typical duty cycles of ~80% and demonstrate variations four times larger (or more) in amplitude
than what is seen in radio-quiet NLSy1s on similar time scales.
Duty cycles for every object in the sample will be presented in chapter 3. In order to determine
these values, it was assumed that any night in which an object was observed for at least two
continuous hours potentially allowed for the detection of intra-night variability. In practice, objects
were rarely continuously monitored over the course of the observing program, due to the need to
examine as many objects as possible on rapid time scales in a limited number of observing nights.
More commonly, two or even three objects (depending on the length of exposure times) would
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be observed in a 1-2-3-1-2-3 sequence for several hours. This naturally lowered the cadence at
which any individual object was observed but increased the total number of objects for which data
had been collected. While this likely prevented the observation of highly detailed structure within
the variability, as can be seen in Figure 2.4 it still more than sufficed to allow a simple boolean
statement as to whether or not an object was varying to be made.
Nights in which the microvariations were above a 3s standard deviation were treated as “con-
firmed” nights of microvariability. However, many nights showed probable detections that fell
between the 2.5s and 3s confidence thresholds. It was decided that these nights would be in-
cluded, but at half the weight of the confirmed nights3. Therefore, the duty cycles reported in this
document were determined using the following simple equation:
DC = (
Ncon f irmed+ 12Nprobable
NTotal
)⇤100 (2.1)
where Ncon f irmed is the number of nights in which the object showed variations above the 3s level,
Nprobable is the number of nights in which the object showed variations between 2.5s and 3s , and
NTotal is the number of nights in which microvariability could have been observed (regardless of
whether or not it actually was).
2.1.4 Seyfert Finding Charts
Before differential photometry could be performed on the objects presented in this document,
finding charts detailing in-field stars of known apparent magnitude were required. Multiple stars
(typically 7, but ranging from 6-9) in each object field were selected for use in this analysis. These
stars were chosen almost entirely at random, the only criteria for selection being that they were
of comparable brightness to the radio loud NLSy1 under study (to within one or two magnitudes)
and that they were isolated from other objects. Due to the admittedly non-rigorous method used to
select them it was assumed that at least some of the stars would later prove to be variable sources;
3A weight of one half was chosen due to the fact that the uncertainty will vary by the square-root of the probability
of a false detection, and there is an approximate 4x increase in the likelihood of such a false detection when dropping
from a 3s to a 2.5s threshold.
30
this is why so many were chosen for each field, as it allowed a few stars to be discarded should
they prove to be untrustworthy. Each field was eventually left with at least two comparison stars
known to be stable sources; otherwise, more stars would have been selected and investigated.
In order to find the apparent magnitudes of these stars the field around each object was observed
during a photometric night and at nearly the same airmass (typically within a redshift of z=0.01) as
several fields taken from the Landolt list of equatorial stars of known magnitude (Landolt, 1992).
This allowed for a straightforward derivation of the non-instrumental apparent magnitude based on
the observed magnitudes of the Landolt objects using an equation of the form
(mR,ob ject mR,Landolt)observed = (mR,ob ject mR,Landolt)apparent+ kR(Xob ject XLandolt) (2.2)
where mR,ob ject refers to the observed and apparent magnitudes of the in-field check star, mR,Landolt
refers to the observed and apparent magnitudes of a Landolt equatorial star, kR is the extinction
coefficient in the R band, and X refers to the airmass. Given the object and Landolt fields were
observed at very nearly the same airmass, the last term of equation (2.2) is assumed to be essentially
zero.
Once the apparent magnitudes of the in-field stars had been derived, it was necessary to verify
that none of them demonstrated intrinsic variability of their own, since this could lead to false
detections of variability in the object itself. Short-term variations were detected by treating each
star as an unknown object and rederiving their magnitudes based on the remaining stars in the
field for every image in a given night. This was then done for several nights; any objects that
demonstrated variability were discarded. Long term variations were detectable as a fortunate side
effect of Joseph Eggen’s project, as he elected to use the same in-field stars presented in this
thesis to avoid a needless duplication of effort. His data reduction scripts automatically find the
magnitudes of the check stars in each field every time a measurement of the target is made, allowing
any potential long-term variations to be tracked. Details can be found in Eggen (2014b).
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It has been reported that performing differential photometry using comparison stars that are sig-
nificantly brighter than the object of interest (or vice versa) can lead to false detections of variability
(Cellone et al., 2007). A comprehensive study of this effect by Goyal et al. (2013) determined that
a dissimilarity of 1.5 magnitudes or less will not result in spurious detections, although this rep-
resents a lower limit and greater differences may be permissible. Therefore, an active object that
varied between mR = 13.0-18.0 would require check stars with brightnesses spanning at least mR =
14.5-16.5 in order to insure the validity of any reported microvariability. Using this criterion, 31 of
the 33 Seyfert galaxies presented in this document possess at least one field star of an appropriate
luminosity at both the bright and faint extremes of its demonstrated variability.
Both of the exceptions involve objects that can become significantly fainter than the faintest
available field star. The first, J1246+0238, only exceeds the 1.5-magnitude boundary by a further
0.3 magnitudes. Given that the value reported by Goyal et al. (2013) was intended to be a lower
limit on the acceptable magnitude difference, this is probably only a minor concern. More seri-
ous is the second case, that of J0849+5108, which when quiescent can be 2.7 magnitudes fainter
than any of the comparison stars in its field. This is particularly troublesome given the fact that
J0849+5108 is the most active object in the sample, and therefore of particular interest.
Of the 21 nights in which J0849+5108 was detected in a microvarying state, the object was
bright enough to be within 1.5 magnitudes of at least one in-field comparison star on only 10
nights. In order to determine if the perceived variability from the remaining 11 nights was genuine,
a Kolmogorov-Smirnov comparison (commonly known as the KS test) was performed on the two
data sets. Specifically, the KS-test compared the amplitudes of the microvarying events when
the object was in bright and faint states. The results can be seen in Figure 2.5. The KS-test
found a D value of 0.26 and a corresponding P value indicating an 80% likelihood that the two
populations were identical. Therefore, two of the 11 nights when the object was in a faint state
are statistically likely to have been false detections of microvariability, leaving 19 probable or
confirmed detections.
As an aside, it should be noted that this provides some justification for including lower-s de-
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Figure 2.5: KS-Test for J0849+5108 observations
The red line indicates observations of microvariability during which the object was more than 1.5
magnitudes fainter than the faintest in-field check star. The blue line indicates observations during
which the object was brighter than this value.
tections as “half nights” in determining the duty cycles for each object. In the case of J0849+5108,
4 of the 21 microvarying nights had detections between 2.5 and 3.0 s . This implies a duty cycle of
(
17con f irmed+( 42 )probable
21 )⇤100t 90% . In turn, the KS-test would imply 19 / 21 nights were in a truly
microvarying state, or ~90%.
2.2 Other Wavelengths
The primary focus of this dissertation is the characterization of the optical variability of a sample
of very radio-loud NLSY1 galaxies on timescales ranging from minutes to years. However, the
nature of the sample is also evaluated based upon observations at other wavelengths, most notably
the radio and g-ray regimes.
The radio-loudness parameter “R” – defined as R = f lux5GHzf luxB , the ratio between an object’s lu-
minosity in the 5 GHz radio band and optical B band (Kellerman et al., 1989) – is used in this
document to evaluate the relative strength of each source at long wavelengths. Values of R for the
objects in the sample were obtained from Yuan et al. (2008) and Komossa et al. (2006). In addi-
tion, the on-going radio flux monitoring program at the Owens Valley Radio Observatory (OVRO)
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Figure 2.6: Example OVRO Data
Radio data for the object J0849+5108 obtained from the Owens Valley Radio Telescope.
provided supporting radio observations for a small subset of objects in our sample. The OVRO
program makes use of a 40-meter telescope and is designed to monitor a large sample of over 1600
AGNs in order to complement FERMI g-ray observations of these same objects (Richards et al.,
2011). This data is made publicly available on their website.4 Repeated observations of the Seyfert
galaxy 3C 286 are used in determining the absolute flux density of all objects observed under the
monitoring program; this galaxy is both bright and known to be stable in brightness (Richards
et al., 2011). For the purposes of calibration, 3C 286 is assumed to have a total flux density of 3.44
Jy (Baars et al., 1977) at an uncertainty of 5%. As of the time of this writing, three of the NLSy1s
included in this study - J0849+5108, J0948+0022, and J0956+2515 - are included on the OVRO
observing list. All three objects have been observed for nearly the full 6+ years the program has
been in existence, having accumulated over 300 observations per object in that time. An example
of this data can be seen in Figure 2.6.
The high energy data used in this dissertation were obtained from the public data server of
the Fermi g-ray Space Telescope. The Large Area Telescope (LAT) on board Fermi is a pair-
conversion detector sensitive to gamma rays in the 20MeV to several hundred GeV energy range
(Atwood et al., 2009). The instrument has worked almost continuously in all-sky-mode since its
4http://www.astro.caltech.edu/ovroblazars/
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launch in June 2008, which allows coverage of the entire gamma ray sky approximately every 3
hours. The data were reduced and analyzed using ScienceTools v9r31p1 and instrument response
functions P7SOURCE_V6. The likelihood analysis procedure as described at the FSSC website5
was used and the results of the analysis of the gamma ray detection (and the level at which those
detections are significant) are taken from Eggen (2014b). These values are used both to establish
which members of the sample are gamma-ray loud, and in the case of monitoring programs, to
provide gamma-ray light curves for multi-wavelength monitoring of interesting and highly variable
sources included in this sample.
A Test Statistic (TS) value is generally used when evaluating data from the Fermi Telescope
for significance, where the square root of the TS value is approximately equal to the significance
of detection for a given source. A TS value of 25 therefore corresponds to a 5-sv detection, whereas
a value of 9 would indicate a 3-sv detection. In the literature, only those objects that have been
detected at a TS value of 25 or more are considered “confirmed” gamma-ray sources. Formally,
the Test Statistic is defined as TS = 2Dlog(likelihood), where likelihood refers to the likelihood
ratio test as described in Mattox et al. (1996).
In addition to the TS value, the g-ray loudness parameter “G” will be used in this document as
a means to gauge the g-ray loudness of an object. The G parameter is defined in Eggen (2014b) as
G = f luxRf lux1GeV , the ratio between an object’s flux at the optical R band and at 1 GeV. Not only is the
g-ray loudness parameter more directly comparable to values of R for the radio regime, but like R
it has the advantage of being z-independent. This is due to the fact that both R and G are ratios of





Observations and Object Activity
This chapter will briefly describe the data acquired for each object in the sample and will
present analyses of selected sources; the full data set, which was quite large, can be found in
Appendix A. As expected, several of the objects demonstrate behavior typical of a normal radio
loud quasar, while others show dramatic activity that would be remarkable even for a known blazar.
An analysis of these data will be presented in the following chapter.
3.1 The Sample
As could be seen in Table 1.1, the 33 objects selected for inclusion in this sample span a wide range
in right ascension, although there is a gap between 3.5-7.0 hours. The core of the sample was taken
from the list of very radio-loud NLSy1 galaxies in Yuan et al. (2008), with additional objects being
added to from the literature. Redshifts of the objects range from z = 0.06 to z = 0.80. The sample
also contains objects that demonstrate a wide range in radio loudness, from log(R) = 1.09 to log(R)
= 4.09. The reader should be reminded that 93% of radio-loud Seyfert 1 galaxies possess radio
loudness values of log(R) < 1.0, immediately marking all of these objects as exceptional. Seven of
the objects have been firmly detected in the g-ray regime (having a TS value > 25), while another




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































From the beginning of the project, it was expected that the sample would contain both blazar-
like and more typically Seyfert-like galaxies, with the initial assumption being that those objects
that demonstrated the greatest g-ray emission and/or radio loudness would also show the most
blazar-like (i.e., frequent, rapid and high-amplitude) variability. As can be seen in Tables 1.1 and
3.1 , the reality – as is so often the case – is not so clearly defined. While the two objects most
prominent in the g-ray regime (J0849+5108 and J0948+0022) do indeed also show the strongest
microvarying behavior, the object with the next highest duty cycle (IRAS 20181-2244) is barely
detectable in the g-rays. However, the third brightest g-ray object (1H 0323+342) exhibits very
modest microvariability, demonstrating a duty cycle much lower than that of several objects com-
pletely undetected at high energies. Attempts to distinguish between the blazar-like and Seyfert-
like populations will be presented in chapter 4.
No systematic attempt to resolve the host galaxies of the objects in the sample was made.
However, imaging1 revealed that at least seven of the objects were not grand design spirals.
J0723+5054, J102+2239, J1633+2619, and IRAS 20181-2244 are interacting galaxies. 1H 0323+342
is a disrupted spiral with only one apparent arm, and a poorly resolved structure extends to the north
of J1146+3236. B3 1102+457 is a barred spiral that may also be a ring galaxy. These objects are
found at redshifts of up to z ⇡ 0.45, and represent ~30% of the objects within that distance.
The following sections will present each object in the sample in order of increasing right as-
cension, with the exception that the class prototype will be discussed first.
3.2 J0948+0022: The Class Prototype
J0948+0022 (2MASS J09485730+0022261) is the prototype for this new class of blazar-like ob-
jects and was the first radio-loudNLSy1 discovered to emit in the g-ray regime. Subsequently it
was extensively studied by Abdo et al. (2009a) and Foschini et al. (2010). As seen in Figure 3.1, the
SED of the object demonstrates the classic double-peak structure of blazars (Abdo et al., 2009a).
The object has also been observed to exhibit significant optical polarization (up to 15%), although
1These images were obtained from the Hubble space telescope in the case of 1H 0323+342 and from Lowell for
the remaining objects.
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Figure 3.1: SED of J0948+0022
This figure was taken from Abdo et al. (2009a).
(as is typical for blazars) this values changes rapidly (Eggen, 2014a). Figure 3.2 shows the light
curve of the object for the full 3 year observing period; as befitting the class prototype J0948+0022
is both the most heavily sampled object in this investigation and one of the first to be studied,
having been observed more than 1600 times over a 3 year period. The object has demonstrated
microvariability on 32 of the 37 nights in which intra-night activity could be detected, although
several of these were only probable detections.
With an optical range of 3.3 magnitudes in the R band, J0948+0022 has proven to be the
second most variable object in the sample on the time scale of years. On intra-night time scales
the object is themost variable object, having demonstrated variations as large as 0.9 magnitudes in
less than one hour and a truly outstanding duty cycle of 74%2. This frequency of microvariability
2A previously published paper, Maune et al. (2013), claimed the duty cycle of J0948+0022 to be 57%. This was
due to a combination of relatively poor number statistics and the fact that microvariability events could only be found
“by eye” at the time. Minor events could not reliably be distinguished from background noise until more recently with
the creation of several analysis programs.
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Figure 3.2: Complete light curve for J0948+0022.
is exceeded only by J0849+5108 and equaled only by IRAS 20181-2244 (although the latter has
relatively few observations and both show much lower amplitudes of variability within a single
night).
Figure 3.3 shows several excellent examples of the large-amplitude variability this object com-
monly demonstrates at various brightness levels; it should be noted that when in a particularly
quiescent state J0948+0022 can unfortunately be the faintest object in the sample, fading to a very
dimmR = 19.5-20.0. As reported earlier byMaune et al. (2013), the object shows similar-amplitude
microvariability during both bright and faint states.
As a final point, Figures 3.4 and 3.5 show two nights that demonstrate clear structure within
the microvariability. Figure 3.5 is remarkably detailed but simple in nature, consisting of 3 flaring
events that appear in rapid succession. Figure 3.4 is more complicated, beginning with the trailing
end of one large amplitude event, followed by a rapid increase in brightness and subsequent gradual
drop off. Superimposed upon these two events are at least two lower-amplitude flares, with a third
or even fourth event suggested during the second half of the night but difficult to confirm due to the





























































Figure 3.4: Microvariability structure for J0948+0022
During this night of observation the microvariability of the object demonstrated significant struc-
ture. Here, two large-amplitude trends (blue arrows) are seen with at least two more short-term,
low-amplitude flares superimposed upon them (red arrows).
Figure 3.5: Microvariability structure for J0948+0022
Similar to the previous figure, this night shows very rapid and structured microvariability. Two
high amplitude flares are seen in the time span of several hours, with a third, lower amplitude flare
immediately following the first.
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the object, indicating that such behavior is common rather than restricted to active states as might
normally be assumed.
3.3 J0100-0200
J0100-0200 (2MASS J01003221-0200460) is a relatively unremarkable object, showing a total
range of 0.42 magnitudes over a 16 month observing period and a duty cycle of 10%. Within a
single night it varied by 0.22 magnitudes in its most active state. The object is moderately radio
loud at log(R) = 1.77 but does not reach the “very radio loud” threshold of log(R) > 2. However,
it is weakly detected in the g-ray regime. Figure 3.6 shows the activity of the object across the
observing session, while Figure 3.7 demonstrates a detection of microvariability.
Figure 3.6: Complete light curve for J0100-0200.
44
Figure 3.7: Daily light curve for J0100-0200.
This represents a confirmed detection of microvariability.
3.4 IRAS 01506+2554
Much like the previous object, IRAS 01506+2554 ([VV2006] J015328.3+260940) is largely inac-
tive. The object shows a total range of variability of 0.56 magnitudes over 16 months – minor when
compared to the class prototype, but actually one of the larger values in the sample. Long-term
and intra-night light curves for the object are shown in Figures 3.8 and 3.9 respectively. IRAS
01506+2554 demonstrates a very low duty cycle of 1% and was observed to vary by less than 0.1
magnitudes within any given night of confirmed microvariability. It is not detected in the g-rays
and has a radio loudness of log(R) = 1.4.
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Figure 3.8: Complete light curve for IRAS 01506+2554.
Figure 3.9: Daily light curve for IRAS 01506+2554.
This represents a probable detection of microvariability.
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3.5 1H 0323+342
This object is something of an enigma in the sample. It is very radio loud at log(R) = 2.50 and is
firmly detected in the g-rays. It is also one of the closest objects in the sample at z = 0.063, with
a relatively prominent host galaxy. Over a three year observing period 1H 0323+342 varied by
over a magnitude, giving it the third largest amplitude of any object in the sample. However, on
shorter time scales the object shows little activity, with a duty cycle of 2%; the object was seen in a
microvarying state only once out of 27 potential nights, with an amplitude of 0.14 magnitudes. The
object demonstrates variable optical polarization, but only on the order of 2-3% (Eggen, 2014b).
Figure 3.10 shows the variability of the object across the observing session, while Figure 3.11
shows the single night of microvariability data available for the object. Fortuitously, the object is
one of the brightest in the sample, reaching a peak brightness of mR = 15.3. Physically, the object
appears to be hosted by a disrupted spiral galaxy, as seen in Figure 3.12.
Using data presented by Itoh et al. – who recently observed the object in a flaring state (Itoh
et al., 2014) – it is possible to expand the total optical range of the object to approximately mR =
14.2-16.4, for a total range of 2.2 magnitudes. However, even at its brightest the object demon-
strated only low-amplitude microvariability on the level of 0.2 magnitudes; microvariability was
searched for on only one night, and it is likely (based on the results of this document) that the re-
searchers of the Itoh group were simply very fortunate to have observed that small variation. This
leads to a curious situation where the optical photometry and polarimetry indicate a traditional
radio-loud NLSy1 whereas the radio and g-rays are more evocative of a blazar. Any question as
to what type of object 1H 0324+342 represents, however, can be settled by examination of the
object’s spectral energy distribution in Figure 3.13, which is undeniably that of a blazar.
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Figure 3.10: Complete light curve for 1H 0323+342.
Figure 3.11: Daily light curve for 1H 0323+342.
This represents a probable detection of microvariability. Note that microvariability is observed
both with and without including the high-uncertainty data points at the end of the night.
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Figure 3.12: Morphology of 1H 0323+342
This image was obtained from the Hubble Space Telescope using the WFPC2
camera and the F702W filter. FOV is ~20”x20”. North is up and East to the left.
Figure 3.13: Spectral Energy Distribution of 1H 0323+342
This SED was taken from Abdo et al. (2009b), appearing as Figure 1 in that text.
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3.6 J0706+3901
Although not particularly radio loud at log(R) = 1.21, J0706+3901 (2MASX J07062512+3901515)
is nevertheless weakly detected in the g-rays. The object shows a relatively high microvariability
duty cycle of 31% and an optical range of 0.60 magnitudes over a two year period. Unfortu-
nately, the observations of this object suffered from an unusually large amount of high-uncertainty
data, and the nights where microvariability was detected show little structure to the variations,
though at its brightest the object was seen to vary by a significant 0.35 magnitudes within a night.
Those nights that are unaffected by these difficulties continue to show microvariability, but at a
reduced amplitude that is barely above the noise level. Therefore, detections of microvariability
for J0706+3901 must be viewed with some skepticism. Fortunately, the object itself is of relatively
minor importance to the analyses that will be presented in chapter 4. The overall variability of the
object is shown in Figure 3.14. A night of lower-uncertainty data is shown in Figure 3.15.
Figure 3.14: Complete light curve for J0706+3901.
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Figure 3.15: Daily light curve for J0706+3901.
This represents a probable detection of microvariability.
3.7 J0723+5054
J0723+5054 (2MASS J07230232+5054480) shows an optical range of 0.4 magnitudes over two
years and rarely demonstrates microvariability, having a duty cycle of 10%. The object was one
of the fainter sources in the sample at R ⇡ 18. It appears to be one half of an interacting galaxy
pair as seen in Figure 3.16, although it is difficult to tell given the poor resolution of the available
images. J0723+5054 has not been detected in the g-ray regime and is only somewhat radio loud at
log(R) = 1.29. The object was seen on multiple occasions to vary by as much as 0.2 magnitudes
on intra-night timescales. Figures 3.17 and 3.18 show the activity of the object on long and short
time scales respectively.
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Figure 3.16: Morphology of J0723+3901
This image was obtained from the 42” Hall telescope at Lowell Observatory. The
object is the brighter of the two sources in the circle. North is up and East to the left.
Figure 3.17: Complete light curve for J0723+5054.
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Figure 3.18: Daily light curve for J0723+5054.
This represents a probable detection of microvariability.
3.8 J0744+5149
J0744+5149 (2MASS J07440228+5149175) is the first of seven objects that showed no signs of
microvariability. The object was only somewhat radio loud at log(R) =1.62 and was not detected in
the g-rays. J0744+5149 demonstrated a very tightly constrained range of variability at one third of
one magnitude over two years of observation. A light curve of the object showing J0744+5149’s
variability across the observing session can be seen in Figure 3.19.
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Figure 3.19: Complete light curve for J0744+5149.
3.9 J0804+3853
J0804+3853 (2MASS J08040924+3853489) is weakly detected at g-ray energies. While the object
shows a relatively impressive 0.6 magnitude range over a 27 month period, microvariability is rare.
This activity is shown in Figure 3.20. The only night in which the object was confirmed to be in
a microvarying state is shown in Figure 3.21, in which the object shows an amplitude of 0.18
magnitudes. The object’s duty cycle is a low 2% and it is weakly radio loud at log(R) = 1.18.
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Figure 3.20: Complete light curve for J0804+3853.
Figure 3.21: Daily light curve for J0804+3853.
This represents a probable detection of microvariability.
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Figure 3.22: Complete light curve for J0849+5108.
3.10 J0849+5108
The most active object in the sample, J0849+5108 (2MASX J08495800+5108290, sometimes
known as 0846 + 51 W1 in older literature) demonstrates an incredibly high duty cycle of 90%
and is certainly a blazar-like object. Indeed, even this statement fails to convey just how active
the object is; if nights where the probability of detection of microvariability lies between 2.5s and
3.0s are fully included, then every single night in which the object was observed it successfully
demonstrated short time-scale variations. This perhaps bears repeating: it would be impossible to
show a light curve of this object where a failed detection of microvariability occurred, because no
such night exists. This can be coupled with the fact that the object not only possesses a known
range of over four magnitudes (the largest in the sample), but was able to demonstrate this full
range in a mere two months, as can be seen in Figure 3.22. Fortuitously – and in direct contrast
to J0948+0022 – during active states the object is also the single brightest source in the sample,
reaching mR < 14.5. At it’s brightest and most active, the object was seen to flare a full magni-
tude between two successive nights (17 April - 18 April, 2013), coupled with a similar flare in
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the g-rays (see Figure 3.23). Perhaps the most surprising thing about this outburst is that it was
not particularly unusual, as it was comparable to a historic flare seen in 1975 in which the object
brightened by a similar 4 magnitudes within the span of one month or less (Arp et al., 1979). The
low temporal resolution of the previous study prevents a more tightly constrained true time scale
of the event from being determined.
In many ways, J0849+5108 serves as a more extreme example of the same class of object
as J0948+0022, with the lone caveat that within a single night of observation it is J0948+0022
that shows higher amplitude variability (0.54 to 0.90 magnitudes respectively for the two objects).
However, J0849+5108 demonstrates microvariations more frequently. The object is very radio loud
at log(R) = 3.16 and is the strongest g-ray source in the sample when using monthly bins, with a
TS value of 790. Figure 3.24 shows the variability of the object during the night of maximum
brightness during the observing session. Like J0948+0022, it can be seen that the microvariability
is highly structured, with multiple minor flare events occurring in rapid succession. Also like
J0948+0022, the amplitude of the microvariability for J0849+5108 appears to be independent of
state. This can be seen in Figure 3.25, where the object shows similar behavior across two nights,
despite being nearly 4 magnitudes brighter in one than the other.
As a final point, it should be noted that J0849+5108 lies unfortunately close (within 12”) to a
foreground spiral galaxy. This galaxy easily be seen in the finding chart for the object, available in
Appendix A.
3.10.1 J0849+5108: Multi-Wavelength Light Curve
Given the extreme activity demonstrated by the object, J0849+5108 was selected for a more in-
depth study. Figure 3.26 shows the activity of the object across the electromagnetic spectrum for
the year of 2013, using data from the FERMI, Swift, and OVRO telescopes.
In addition to the extreme optical variations described above, the object is significantly po-
larized, demonstrating a range of polarization of approximately 3-12%. Interestingly, the highest
polarization observed for J0849+5108 appears to occur when the object is in the brightest optical
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Figure 3.23: The optical and g-ray behavior of the object during the April flare event.
This is a closer view of data presented in Figure 3.26. Optical data is presented in both magni-
tudes and flux (Jy); squares represent data obtained from Lowell’s 72-inch telescope and triangles
represent data taken from the 42-inch. The g-ray flux is plotted in 2-day bins, in units of photons
s-1cm-2. Note in particular the one-magnitude flare between the final and previous nights.
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Figure 3.24: Microvariability structure for J0849+5108.
Similar to Figure 3.5 for J0948+0022, this night demonstrates 4 distinct flares superimposed upon
the general trend, with the second being of significantly higher amplitude than the remaining three.
state. It should also be noted that while polarimetric data was only collected multiple times within
the same night on one occasion during the observing window, there was a significant (beyond the
uncertainty) change in the detected level of optical polarization.
In the g-rays, the object underwent an outburst coincident with the one seen in the optical.
Before this event, J0849+5108 was below the g-ray detection threshold for the Fermi telescope
when using weekly data bins; only upper limits could be determined at this time. At the time of
the optical event the g-rays also underwent a sudden flare of activity and remained in a detectable,
if fainter, state for over a month afterward. It should be noted that the optical flux also appears to
have remained in a bright state during this time, though it is possible that the object dimmed and
then brightened again between observing sessions.
The radio data does not show the same flaring behavior in April as observed at g-ray and optical
wavelengths. Although there was a noticeable increase in radio flux during this time, peak radio
activity was not reached until 22 June, ~65 days after the first g-ray spike. In addition, the increase
in radio activity demonstrated a far more gradual rise. This occurred at the time the object was near
a maximum in the flux monitored by OVRO’s observing program with an absolute flux of 0.53 +/-
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Figure 3.25: Microvariability during bright/faint states for J0849+5108
Top: microvariability data from the night of the peak observed brightness during the April flare
event on the night of greatest brightness (centered on JD=2456401.7). Bottom: microvari-
ability data taken in February, during a period of minimum observed brightness (centered on
JD=2456341.7). For ease of comparison, both light curves have been normalized to a ten hour
observing window and a half magnitude differential scale.
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Figure 3.26: Multi-wavelength light curve of J0849+5108
Top: radio flux in Jy from OVRO. Second row: optical R band behavior across the 2013 observing
session. Third row: degree of optical polarization. Fourth row: electric vector position angle
(EVPA) for each polarized optical data point. Fifth row: photon counts/s (0.5-10 keV) from Swift’s
XRT instrument. Bottom: g-ray data in units of 10-7 photons cm-2 s-1; data is presented in daily
time bins during the large flare event beginning in mid-April and in weekly time bins otherwise.
All figures are plotted on the same time axis. The dotted lines indicate a period of time in which a
gradual rise was seen in the IR; see the text for details.
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0.01m Jy. Only once before, on 9 December 2009, had this level of intensity ever been reached.
This peak intensity is essentially twice the flux level that was observed in the radio during the time
of the g-ray and optical flares.
In addition, astronomers at the National Institute for Astrophysics, Optics and Electronics in
Mexico further reported a slow, ~30% increase in the near-infrared flux between 4 April and 5 May
(Carrasco et al., 2013). This time frame is shown by the vertical dashed lines in Figure 3.26; the
raw data was unavailable to this dissertation, and so could not otherwise be plotted. Also, by 17
May (29 days after the original flare in the g-rays) the object had undergone a 3-fold increase in
flux, reaching peak values of H = 13.57 +/- 0.05 and K = 12.57 +/- 0.11 magnitudes.
In summary, J0849+5108 appears to have been in a quiescent state early in 2013. In mid-
April, a sudden flaring event was observed in the optical and g-rays. The lower energy regimes
experienced more gradual rises following this event, with the infrared showing a rapid increase in
flux nearly one month later and the radio band reaching historic flux levels after two months. This
may indicate a true time lag between pass bands, which would in turn give hints as to the size and
distances of reprocessing material in the central region of the AGN, but this cannot be substantiated
without more intense monitoring at these wavelengths.
3.10.2 J0849+5108: Spectral Energy Distribution
The radio, optical, and g-ray data described in the previous section was combined with near-
ultraviolet and x-ray data obtained from Swift to create a quasi-simultaneous spectral energy dis-
tribution (SED) for J0849+5108. This SED is shown in Figure 3.27a for observations obtained
during the 2013 April flare event; all observations are within five days of the time of peak optical
activity. For purposes of comparison, two SEDs reprinted from D’Ammando et al. (2012) that
depict the object during previous active and inactive states are shown in Figure 3.27b. For the
remainder of this discussion, the SED appearing in Figure 3.27a will be referred to as the April
SED, the data plotted in red circles in Figure 3.27b will be referred to as the quiescent SED, and
the data plotted in green squares in the same figure will be called the active SED.
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Figure 3.27a: The SED of J0849+5108 during the time of the April flare event. The data used
to construct this figure were obtained from OVRO (2013 April 24), Swift (UVOT and XRT, 2013
April 22), and Fermi-LAT (2013 April 20). XRT data ranges from 0.5-10 keV. The optical R-band
data point was obtained from Lowell, and represents the average magnitude observed for the night
of 2013 April 19.
Figure 3.27b: The SED of J0849+5108 during previous active (green squares) and quiescent (red
circles) states. This figure was taken from (D’Ammando et al., 2013), appearing as Figure 5 in that
text. For ease of comparison, the same data appearing in Figure 3.27a has been superimposed as
black triangles.
Figure 3.27: SEDs of J0849+5108
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In the synchrotron / optical-UV peak, the slope of the April SED is much steeper than that of
the quiescent SED but nearly matches that of the active one. Since the peak observed flux in the
April SED is significantly higher than that presented in the active SED, one would normally expect
the April SED to have a steeper slope. This anomaly may be due to the fact that the Swift optical
and UV data for the April SED were not not truly simultaneous with the peak R-band observations
at Lowell. This is also suggested by the large gap between the R-band and other optical data in
Figure 3.27a.
At the higher energy Compton peak the slope of the April SED is again much steeper than what
is observed for the quiescent state, but in this case the slope is also much steeper than what is seen
in the active state as well. The highest flux values seen in the April SED are comparable to that of
the active SED, but rapidly fall below those of the quiescent one. Overall, it appears that the high
energy peak of the April SED is shifted to slightly lower energies than seen for either of the SEDs
presented in Figure 3.27b, with the sharp cutoff in flux appearing at frequencies of n t 1024 Hz,
whereas both the quiescent and active SEDs experience a cutoff frequency at n t 1025 Hz. This is
somewhat surprising, as the April SED depicts a flaring event and so one would normally expect the
peak to be shifted to higher frequencies rather than lower ones. This difference may be explained
by the fact that in a truly quiescent state the g-ray emission of J0849+5108 is non-detectable.
This implies that the g-ray emission seen in the quiescent SED is actually in a somewhat elevated
state, since otherwise no g-ray data could have been collected. Given that the g-rays emission
of J0849+5108 had been in a non-detectable state immediately prior to what is shown in Figure
3.27a, it is possible that both of the SEDs unique to Figure 3.27b show more active states (at least
in the g-ray regime) that what is depicted in the April SED. In that case, the shift of the Compton
peak to lower frequencies in the April SED would actually be expected. This would not indicate an
error in the work of D’Ammando et al, but would simply reflect the reality that the object must be
somewhat active in order to be detected in the g-rays at all; certainly the object was in a relatively
inactive state when the quiescent SED was constructed when compared to the active SED.
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3.11 IRAS 09426+1926
In stark contrast to the previous object, IRAS 09426+1926 (2MASS J09452922+1915486) is the
second source in the sample that demonstrates a duty cycle of zero. The object is not detected in
g-rays and it is only moderately radio loud at log(R) = 1.56. Only once was the object seen to
vary by more than 0.1 magnitudes within a night, although high uncertainties prevent a claim of
detection of microvariability from being made. Like all the other objects in the sample that fail to
demonstrate any intra-night variability, the object’s optical range is tightly constrained, in this case
varying by less than 0.3 magnitudes over a two year period as seen in Figure 3.28.
Figure 3.28: Complete light curve for IRAS 09426+1929.
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3.12 J0956+2515
J0956+2515 (ICRF J095649.8+251516, sometimes known as B2 0954+25A) is the fourth strongest
g-ray detection in the sample. It demonstrates a relatively high optical range of 0.70 magnitudes
over one year of observations and is one of the most radio loud objects in the sample at log(R)
= 3.56. Intranight variability has been observed to reach an amplitude as high as 4mR = 0.18.
Figures 3.29 and 3.30 show the variability of the object on long and short time scales. It should be
noted that this is one of the most distant objects in the sample, at a redshift of z = 0.712, as well
as one of the brightest, with a peak brightness of mR = 15.39. The duty cycle demonstrated by
the object is a low 8%. The SED of the object was found to possess the double peak structure of
blazars in Calderone et al. (2012); this group also found a somewhat higher range in variability of
1 magnitude on long time scales, and proposes that J0956+2515 may be an “intermediate” object
between NLSy1s and blazars.
Figure 3.29: Complete light curve for J0956+2515.
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Figure 3.30: Daily light curve for J0956+2515.
This represents a confirmed detection of microvariability.
3.13 J1038+4227
J1038+4227 (2MASS J10385959+4227422) is undetected in the g-rays and demonstrates a low
duty cycle of 9%. The object is not particularly radio loud at log(R)=1.30 and shows a total range
of variation of 0.24 magnitudes over a 27 month period. Within a single night, the object has never
been seen to vary by as much as 0.1 magnitudes. Figures 3.31 and 3.32 show the activity of the
object on these long and short time scales.
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Figure 3.31: Complete light curve for J1038+4227.
Figure 3.32: Daily light curve for J1038+4227.
This represents a confirmed detection of microvariability.
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3.14 J1047+4725
Displaying no evidence of microvariability, J1047+4725 (87GB 104436.0+474116) is both the
most distant object in the sample at a redshift of z = 0.80 and the most radio loud at log(R) = 4.09.
It is also one of the faintest, having been observed at brightnesses of mR < 19.0. As seen in Figure
3.33 the object varied by less than one quarter of a magnitude over the full observing period. The
object is not detected at g-ray energies.
Figure 3.33: Complete light curve for J1047+4725.
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3.15 J1102+2239
J1102+2239 ([VV2006c] J110223.4+223920) has a moderate optical range of 0.41 magnitudes
over a two year period. Visually, the object appears to be one of a pair of interacting and/or
disrupted spiral galaxies (Figure 3.34), although the redshift of the second galaxy is currently un-
known and so this cannot be confirmed. While it was observed to vary by a full quarter magnitude
on its most active night, it has otherwise varied by  0.1 magnitudes on intra-night time scales.
Light curves at long and short time scales can be seen in Figures 3.35 and 3.36. The overall duty
cycle displayed by the object is 11%. J1102+2239 is detected as a weak g-ray source but is not
particularly radio loud at log(R) = 1.28.
Figure 3.34: Morphology of J1102+2239
This image was obtained from the SDSS online finding chart tools. The source is the southern
(lower) of the two interacting galaxies.
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Figure 3.36: Daily light curve for 1102+2239.
This represents a probable detection of microvariability.
Figure 3.35: Complete light curve for 1102+2239.
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3.16 J1140+4622
Rarely detected in a microvarying state, J1140+4622 (2MASX J11404788+4622046) demon-
strated a duty cycle of 4% and a maximum range of ~0.1 magnitudes on intra-night time scales.
Over a two year period the object varied by 0.37 magnitudes. Figures 3.37 and 3.38 show the
activity of the object at over the full observing period and in a microvarying state respectively. At
log(R) =1.36, the object is only moderately radio loud and it is not detected in the g-rays. Figures
3.37 and 3.38 show the variability of the object across the observing period and on intra-night time
scales respectively.
Figure 3.37: Complete light curve for J1140+4622.
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Figure 3.38: Daily light curve for J1140+4622.
This represents a probable detection of microvariability.
Figure 3.39: Morphology of J1146+3236
This image was obtained from Lowell’s 42inch Hall telescope on the night of 2014 February 23.
Note the extended structure directly north of the object.
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3.17 J1146+3236
Figure 3.39 reveals the morphology of J1146+3236 (SDSS J114654.28+323652.3). There is a
poorly resolved structure extending north from the object, the exact nature of which remains un-
clear. J1146+3236 otherwise presents a blend of blazar-like and Seyfert-like characteristics. The
object is both very radio loud at log(R)=2.19 and is a weak g-ray source. However, it shows no ev-
idence of microvariability. This may in part be due to the fact that observations of the object were
made on only 8 nights due to a combination of poor weather and time constraints, whereas every
other source was examined for intra-night variability at least 10 times. As can be seen in Figure
3.40, the object exhibits only modest variability with a range of 0.21 magnitudes over two years of
observations. This is the lowest amplitude of variability found in the entire sample (although two
other objects can make matching claims), and while it may be tempting to assume that this may
be a consequence of the faintness of the object it should be noted that higher-amplitude variability
was nevertheless detected in other sources at similar brightnesses. The object may very well be as
inactive as the duty cycle would indicate.
Figure 3.40: Complete light curve for J1146+3236.
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3.18 J1227+3214
J1227+3214 (2MASS J12274914+3214589) typically varies by less than 0.1 magnitudes within a
single night (save for one occasion that reached twice that). The object is not detected at g-ray
energies and is only moderately radio loud at log(R) = 1.36. It was found to exhibit only low
amplitude variability over a two year period, showing a 4mR = 0.21. The long and short term
variability of J1227+3214 can be seen in Figures 3.41 and 3.42. The object’s duty cycle is a low
10%.
Figure 3.41: Complete light curve for J1227+3214.
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Figure 3.42: Daily light curve for J1227+3214.
This represents a confirmed detection of microvariability;
the outlying data point was ignored in making this determination.
3.19 J1246+0238
Demonstrating a high duty cycle of 42%, .J1246+0238 ([VV2006c] J124650.2+024016) is both
very radio loud at log(R) = 2.38 and detected at g-ray energies. Compared to most of the sample
the optical variability is of impressively high amplitude, with variations of up to 0.28 magnitudes
observed on intra-night time scales and and with an overall range of 0.56 magnitudes in a 13 month
period. Light curves for either of these time scales can be seen in Figures 3.43 and 3.44.
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Figure 3.43: Complete light curve for J1246+0238.
Figure 3.44: Daily light curve for J1246+0238.
This represents a confirmed detection of microvariability.
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3.20 J1333+4141
J1333+4141 (2MASS J13334547+4141277) is one of the least radio-loud objects in the sample,
with log(R) = 1.06. The object shows a low duty cycle of 10% and a maximum amplitude of vari-
ability of 0.13 magnitudes within a night. Over a two-year period the object shows variations of up
to 0.43 magnitudes, which is unusually high when compared to the other NLSy1-like objects in the
sample. However, it is not detected in the g-ray regime. Figures 3.45 and 3.46 show the variability
of the object across the full observing period and on an intra-night time scale respectively.
Figure 3.45: Complete light curve for J1333+4141.
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Figure 3.46: Daily light curve for J1333+4141.
This represents a confirmed detection of microvariability;
the last 3 data points suffered lower S/N due to incoming clouds.
3.21 J1358+2658
In most respects J1358+2658 ([VV2006c] J135845.4+265808) is an even more quiescent example
of the previous object, save that it is slightly more radio loud at log(R) = 1.11. The object shows
a range of 0.29 magnitudes over a 15 month observing period and a maximum of 0.13 magnitudes
within a single night. The activity of the object at either time scale can be seen in Figures 3.47 and
3.48. It is undetected at high energies and demonstrates a duty cycle of 8%.
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Figure 3.47: Complete light curve for J1358+2658.
Figure 3.48: Daily light curve for J1358+2658.
This represents a confirmed detection of microvariability.
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3.22 J1405+2657
J1405+2657 ([VV2000] J140504.8+265727) is one of the seven objects in the sample that demon-
strated no evidence of microvariability. The object was not detected in the g-ray regime and is only
slightly radio loud at log(R) = 1.09. Over a 16-month observing period J1405+2657 showed only
a narrow range of4mR = 0.25 as can be seen in Figure 3.49.
Figure 3.49: Complete light curve for J1405+2657.
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3.23 J1421+2824
Although very radio loud at log(R) = 2.14, J1421+2824 ([VV98] J142114.0+282453) is other-
wise an unremarkable object. One of the fainter sources in the sample, it has been observed at
magnitudes as faint as mR = 19.0. It is not detected at g-ray energies and shows no signs of mi-
crovariability. Over a 15-month observing period it proved to be one of the three most constrained
objects in the sample (i.e., showing the lowest overall range in brightness), with an amplitude of
variability of 0.2 magnitudes. The activity of the object during this time is shown in Figure 3.50.
Figure 3.50: Complete light curve for J1421+2824.
82
3.24 J1435+3132
J1435+3132 ([ZEH2003] RX J1435.1+3132 1) demonstrates a duty cycle of 30% and an amplitude
of 0.46 magnitudes over two years. On intra-night time scales the object varied by as much as 0.11
magnitudes. Figures 3.51 and 3.52 show the activity of J1435+3132 at each of these time scales.
The object is very radio loud at log(R) = 2.98, but was not detected in g-rays.
Figure 3.51: Complete light curve for J1435+3132.
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Figure 3.52: Daily light curve for J1435+3132.
This represents a confirmed detection of microvariability.
3.25 J1443+4725
At log(R) = 3.03, J1443+4725 (2MASS J14431857+4725569) is one of the most radio loud objects
in the sample. It is also strongly detected in the g-ray regime. These characteristics suggest a
blazar-like object. Optically J1443+4725 is found to have a duty cycle of zero and shows little
variability on both long and short time scales, having an overall amplitude of 0.26 magnitudes
over 2 years (see Figure 3.53). Within an individual night, the object typically varies by less than
0.1 magnitudes. Therefore, the optical observations do not support the claim that J1443+4725 is
blazar-like.
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Figure 3.53: Complete light curve for J1443+4725.
3.26 PKS 1502+036
PKS 1502+036 (QSO J1505+0326) was observed to vary by two-thirds of a magnitude over a three
year period and by nearly a quarter magnitude within an individual night, showing a duty cycle of
30%. The object is strongly detected at g-ray energies and is extremely radio loud at log(R) = 3.53.
The SED of the object is shown in Figure 3.54 and clearly shows the double-peaked structure of
a blazar (Abdo et al., 2009b). Figures 3.55 and 3.56 show the variability of the object at long and
intra-night time scales respectively.
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Figure 3.54: Spectral Energy Distribution of PKS 1502+036
This SED was taken from Abdo et al. (2009b), appearing as Figure 1 in that text.
Figure 3.55: Complete light curve for PKS 1502+036.
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Figure 3.56: Daily light curve for PKS 1502+036.
This represents a confirmed detection of microvariability.
3.27 RX 1629+4007
J1629+4007 (2MASS J16290130+4007599) demonstrates a relatively large duty cycle of 29%.
The object only varied by 0.24 magnitudes over a 2 year observing period and while it was once
seen to vary by 0.24 magnitudes within an individual night this was atypical; on all other nights
the amplitude of the object was less than half this value, and usually less than 0.13. Light curves
at either of these time scales can be seen in Figures 3.57 and 3.58. Nevertheless, these low-level
variations are often significant and the object demonstrates a duty cycle of 29%. J1629+4007 has
no detected presence at g-ray energies and is only moderately radio loud (by the standards of the
sample) at log(R) = 1.61.
3The reader may refer to the appendices for all light curves obtained for this object
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Figure 3.57: Complete light curve for RX1629+4007.
Figure 3.58: Daily light curve for RX1629+4007.
This represents a confirmed detection of microvariability.
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3.28 J1633+4718
J1633+4718 (87GB 163156.2+472520) is a pair of interacting spiral galaxies, as can be seen in
Figure 3.59. This may provide an explanation for the mix of characteristics observed for this
object, which appears to be a combination of blazar-like and Seyfert-like traits. The object is very
radio loud at log(R) = 2.19. It was observed to vary by 0.44 magnitudes over 15 months (Figure
3.60) and a maximum of 0.15 magnitudes on intra-night time scales (Figure 3.61). However, the
object has a low duty cycle of 7% and is not detected at g-ray energies.
Figure 3.59: Morphology of J1633+4718
This image was acquired by H. R. Miller using the new Discovery Channel Telescope (DCT) at
Lowell Observatory on the night of 2014 June 4.
89
Figure 3.60: Complete light curve for J1633+4718.
Figure 3.61: Daily light curve for J1633+4718.
This represents a probable detection of microvariability.
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3.29 J1644+2619
With a duty cycle of 37%, J1644+2619 (2MASS J16444253+2619132) is very active in the optical
regime, varying by a quarter magnitude within a single night and 0.71 magnitudes over the two year
observing period. Figure 3.62 shows the activity of the object during the entire observing session,
while Figure 3.63 shows an example of intra-night variability. The object is very radio-loud at
log(R) = 2.73 and is strongly detected in the g-ray regime.
Figure 3.62: Complete light curve for J1644+2619.
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Figure 3.63: Daily light curve for J1644+2619.
This represents a confirmed detection of microvariability.
3.30 B3 1702+457
At a redshift of z = 0.061, B3 1702+457 (2MASX J17033041+4540470) is tied with 1H 0323+342
as being the nearest object in the sample. It is not surprising, therefore, that the object is also
one of the brightest at mR ⇡ 15.3. The object demonstrated an overall amplitude of variability of
0.25 magnitudes over a 15 month period and varied by as much as 0.19 magnitudes within a night.
While very radio loud at log(R) = 2.01, it is not detected at g-ray energies. As can be seen in
Figure 3.64, the object is hosted by a barred spiral that may be a ring galaxy. A red foreground star
unfortunately lies directly in the line of sight to the object, giving it a false double-core appearance
in less resolved images. This can produce larger uncertainties when seeing effects blur the star into
the AGN aperture when measuring photometry, as can be seen in Figure 3.65. The activity of the
object across the observing period can be seen in Figure 3.65 while Figure 3.66 shows a detection
of microvariability. The object showed a low duty cycle of 8%.
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Figure 3.65: Complete light curve for B3 1702+457.
Figure 3.64: Morphology of B3 1702+457
This image was acquired by H. R. Miller using the new Discovery Channel Telescope (DCT) at
Lowell Observatory on the night of 2014 June 4.
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Figure 3.66: Daily light curve for B3 1702+457.
This represents a probable detection of microvariability.
3.31 J1709+2348
Most likely a normal radio-loud NLSy1 galaxy, J1709+2348 (2MASS J17090780+2348377) is
one of the most radio-quiet objects in the sample at log(R) = 1.06. It is also the second faintest
object in the sample (after J0948+0022 when in a deep quiescent state) with a minimum brightness
of mR = 19.5. The object shows a low duty cycle of 10%, although it has been seen to vary by 0.21
magnitudes on intranight time scales and a relatively impressive 0.56 magnitudes in a two year
observing period. The activity of the objects at each of these time scales can be seen in Figures
3.67 and 3.68. J1709+2348 was not detected in the g-ray regime.
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Figure 3.67: Complete light curve for J1709+2348.
Figure 3.68: Daily light curve for J1709+2348.
This represents a confirmed detection of microvariability.
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3.32 J1713+3523
Although J1713+3523 ([VV98b] J171304.5+352334) is detected at g-ray energies, it is one of the
most radio-quiet objects in the sample at log(R) = 1.05. It shows little variability, with a duty cycle
of 4% and an overall amplitude of 0.32 magnitudes over 1.5 years (see Figure 3.69). Though it
once demonstrated microvariability on the order of 0.3 magnitudes there are large uncertainties
associated with several of the data points obtained during that night (see Figure 3.70); otherwise,
the object varies by at most 0.12 magnitudes on intra-night time scales. The object’s duty cycle is
a low 4%.
Figure 3.69: Complete light curve for J1713+3523.
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Figure 3.70: Daily light curve for J1713+3523.
This represents a probable detection of microvariability.
3.33 IRAS 20181-2244
One of the most active objects in the sample, IRAS 20181-2244 (6dFGS gJ202104.4-223518) has
a duty cycle of 75%, equalled only by J0948+0022 and exceeded by only J0849+5108. As seen
in Figure 3.71, the source is a disrupted spiral galaxy, likely due to the presence of what appears
to be a second, nearby galaxy. On intra-night time scales the object can vary by as much as 0.26
magnitudes. Given the high duty cycle it is somewhat surprising that the overall variability of the
object is only 0.41 magnitudes over a 13 month period, less than half of that of J0948+0022. The
activity of the object at both long and short time scales can be seen in Figures 3.72 and 3.73. The
object is less extreme at other wavelengths as well; although detected in the g-rays, the object is a
very weak source, and it is only moderately radio loud at log(R) = 1.57.
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Figure 3.71: Morphology of IRAS 20181-2244
This image was obtained from the 42” Hall telescope at Lowell Observatory
Figure 3.72: Complete light curve for IRAS 20181-2244.
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Figure 3.73: Daily light curve for IRAS 20181-2244.
This represents a probable detection of microvariability.
3.34 J2314+2243
J2314+2243 ([VV98] J231455.9+224322), is a weak radio source at log(R) = 1.25, although it is
also a weak g-ray source. Showing an overall amplitude of 0.29 magnitudes over 14 months of
observations, on intra-night time scales the source varies by less than 0.1 magnitudes. The source
has a low duty cycle of 8%. Figures 3.74 and 3.75 show the variability of J2314+2243 over the full
observing period and an intra-night time scale, respectively.
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Figure 3.74: Complete light curve for J2314+2243.
Figure 3.75: Daily light curve for J2314+2243.
This represents a probable detection of microvariability.
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3.35 Null Detections
It is illustrative to show not only confirmed and probable detections of microvariability, but also
examples of nights in which such detections were not found. Figures 3.76-3.83 are examples of
nightly light curves from various epochs and various objects showing null-detections at a variety
of magnitudes and data coverage.
Figure 3.76: Daily light curve for B3 1702+457.
This represents a non-detection of microvariability at the level of mR = 15.0-15.5
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Figure 3.77: Daily light curve for 1H 0323+342.
This represents a non-detection of microvariability at the level of mR = 15.5-16.0
Figure 3.78: Daily light curve for J2314+2243.
This represents a non-detection of microvariability at the level of mR = 16.0-16.5
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Figure 3.79: Daily light curve for IRAS 09426+1926.
This represents a non-detection of microvariability at the level of mR = 16.5-17.0
Figure 3.80: Daily light curve for J0706+3901.
This represents a non-detection of microvariability at the level of mR = 17.0-17.5
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Figure 3.81: Daily light curve for J1443+4725.
This represents a non-detection of microvariability at the level of mR = 18.0-18.5
Figure 3.82: Daily light curve for J1047+4725.
This represents a non-detection of microvariability at the level of mR = 18.5-19.0
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Figure 3.83: Daily light curve for J1709+2348.




4.1 Behavior of the Sample
The objects in this sample can be broken into three separate populations based on duty cycle. The
most active group consists of J0849+5108, J0948+0022 and IRAS 20181-2244, with duty cycles
of 90%, 74%, and 75%, respectively. The second population consists of 6 objects with values
between 29-42%: J0706+3901, J1246+0238, J1435+3132, PKS 1502+038, IRAS 16290+4007,
and J1644+2659. The remaining 21 objects demonstrate duty cycles of 11% or less, with 7 of
them showing no evidence of microvariability. The three populations are cleanly divided and show
no signs of overlap. Additionally, the inactive population demonstrates a duty cycle analogous to
radio quiet quasars, whereas the most active population lie close to what would be expected for
LBL Blazars (see Table 2.3). Members of the middle population have duty cycles roughly halfway
between what would be expected for typical radio-loud Seyfert galaxies (19%) and HBL Blazars
(45%).
Figure 4.1 investigates a possible correlation between duty cycle and the amplitude of the
variability of each object over the course of the entire observing period. There does not appear to



































Figure 4.1: Amplitude of Variability vs. Duty Cycle
The two outlying data points represent J0849+5108 and J0948+0022.
are the objects J0849+5108 and J0948+0022, which are exceptional in many of their attributes.
It remains curious that the variability of the third high-duty cycle object, IRAS 20181-2244, did
not display a similar range in magnitude. This may be partially explained by the realizations
that J0948+0022 was observed for twice the number of nights as the other two high-DC objects
and therefore was given a greater opportunity to vary, while the light curve for J0849+5108 is
serendipitously centered on a major optical flare that – so far as the available literature indicates –
has only been equalled once in the past 40 years. IRAS 20181-2244 may therefore happen to be in
a quiescent state compared to the other two high-duty cycle objects, and if observed for a longer
period of time may display a larger optical range.
Intra-night variations show a similar lack of correlation to duty cycle. Figure 4.2 shows the
maximum and average amplitudes of microvariability for each object. There is a slight trend show-
ing an increase in duty cycle with increasing amplitudes, but this is probably an artifact caused by
the fact that high-amplitude events are easier to distinguish from the background noise, causing
more events to be found. Otherwise, the high-, mid-, and low-duty cycle populations show iden-
tical variability to within the scatter with the exceptions – again – of the outlying data points






























(a) Maximum Amplitude of Microvariability vs. Duty Cycle
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(b) Average Amplitude of Microvariability vs. Duty Cycle






























(a) Radio Loudness vs. Duty Cycle
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(b) g-Ray Loudness vs. Duty Cycle
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(c) Radio Loudness vs. g-Ray Loudness
Figure 4.3: Radio Loudness vs Gamma-Ray Loudness
Blue squares represent objects with a duty cycle of 0. Red diamonds are objects with duty cycles
less than 0.25. Downward-pointing purple triangles represent objects with duty cycles that between
0.5 > DC > 0.25. Those objects with duty cycles greater than 0.5 are represented by upward-
pointing green triangles.
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An attempt to relate duty cycle to radio and g-ray loudness can be found in Figure 4.3. This
plot uses the g-ray loudness parameter G presented in Eggen (2014b), defined as the ratio between
an object’s luminosity in the optical R band and at 1 GeV. In addition to being z-independent, this
is much more analogous to the radio loudness parameter R than a simple TS-value. However, like
Figure 4.1 there does not appear to be any trend to the data beyond the fact that radio loudness
appears to increase with g-ray loudness. Objects are randomly distributed across a wide range of
R and G values, with no evidence of distinction between the three duty cycle populations.
4.2 Individual Objects
4.2.1 J0948+0022





where F(t0) is the flux at time t0, F(t) is the flux at a later time t, and t is the doubling time scale,
the time it takes for the flux to change by a factor of 2. Values of t can be used to place constraints
on the size of the emitting region based on arguments involving light travel time. Specifically, the
emitting region can be no larger than the speed of light multiplied by the duration of the most rapid
time scale, as this indicates that an event has had sufficient time to propagate throughout the entire
region. Furthermore, while a minor change in flux can be caused by a physical event affecting
only a small part of the emitting region, to double or halve the total flux will by necessity involve
a change across the entire region.
Doubling time scales have been reported for J0948+0022 ranging from 2 days (Foschini et al.,
2012) to 4 hours (Eggen et al., 2013). However, the very high cadence and high amplitude data
available to this study allows for a much more tightly constrained value to be determined. In
particular, data from the night of 25 April 2014 in Figure 3.3 gives a value of t = 0.67 +/- 0.06
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hours (approximately 40 +/- 3.5 minutes). In the past, such a short doubling time scale would often
be related to the size of the event horizon (or last stable circular orbit around it) and taken to imply a
small mass for the central SMBH. Observations of blazars such as Markarian 421 and BL Lacertae
– which are known to possess much larger SMBHs than are typically found in Seyfert galaxies yet
demonstrate similarly rapid doubling time scales – suggest an alternative explanation. Specifically,
it may be that the emitting region is not found in the central region of the AGN, but rather consists
of a relatively small nozzle or standing shock in the relativistic jet located at a potentially large
distance “downstream” from the SMBH (Levinson and Bromberg, 2007; Marscher et al., 2008).
The doubling time scale would therefore be a measurement not of the size of the central region,
but of this structure within the jet.
Given the existence of the extremely rapid and high amplitude variability presented by J0948+
0022, it becomes possible to explore its origin. The physical cause of the optical microvariabil-
ity in blazars has been a matter of discussion since the phenomenon was first shown to exist.
Broadly, two possible scenarios have been put forth as likely explanations. In the first, microvari-
ability is generated within the accretion disk of the central black hole through magnetic flares, hot
spots, localized obscuration events, or any other circumstance that could lead to a local change in
brightness. The observed variability would then be caused by the combined flux from a variety
of independently varying sources superimposed upon one another, neatly explaining how the flux
can change so rapidly (Mangalam and Wiita, 1993). Alternatively, perturbations, shocks, or bends
within the relativistic jet itself could produce rapid variability (Marscher et al., 1992). As was
shown by Miller et al. (2010), it is possible to distinguish between these two scenarios by observ-
ing the object in both a faint state and a bright state. Since the jet is expected to dominate the
observed flux during outbursts, the relative contribution from the accretion disk will be minimized
when the object is bright and largest when the object is faint. This means that any variations origi-
nating from the disk will contribute a relatively smaller portion of the total flux in the bright phase.
Therefore, if microvariations originate in the accretion disk, the amplitude of the microvariability
should be greatest during faint states and minimized during bright states. If the microvariability is
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instead caused by events associated with the jet, whenever the jet undergoes a flaring event those
variations will likewise be boosted. In this case, the fractional amplitude of the microvariability
will be similar in both the high and low states.
As seen in Figure 3.3, the object is capable of ~1 magnitude variations regardless of state.
Given the previous discussion, this suggests that the most likely origin for the microvariability is
within the jet. In a related matter, given that clear, discrete events can be detected in the microvari-
ability it should in principle be possible to make some determination about the size of the emitting
region based on light travel time arguments. Unfortunately, such an exercise would depend on
knowing the value for the Doppler boosting factor for the object. While attempts to find this value
have been made using data from the VLBA (Foschini et al., 2011) such studies suffer from high
uncertainties due to the compact nature of the object. Therefore, such an analysis will have to wait
until more precise measurements can be made.
4.2.2 J0849+5108
As first proposed by Padovani and Giommi (1995), blazars are typically divided into LBL and
HBL objects based upon the location of the synchrotron peak of a given object’s SED. Low en-
ergy peaked BL Lacertae objects (LBLs) are those blazars with a synchrotron peak in the infrared
regime. High energy peaked BL Lacertae objects (HBLs) are those blazars that instead peak in the
ultraviolet. It is not currently known what physical difference causes some blazars to appear as
HBLs while others are LBLs, but it should be noted that there are several examples of “intermedi-
ate” objects (such as PKS 0735+178) that exist between the two classes, indicating that HBLs and
LBLs represent the two extremes of a continuous distribution of objects. The SED of J0849+5108
is shown in Figure 3.27, revealing a synchrotron peak in the infrared and therefore indicating that
the object is most similar to an LBL. If the object is indeed blazar-like, then this statement suggests
certain predictions about the optical behavior of the object that can be tested, as there are distinct
observational differences between HBLs and LBLs in the optical regime.
On short (intra-night) timescales, HBLs show a distinct lack of any optical variations larger
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than 0.15 magnitudes (Miller and Noble, 1996). In contrast, LBLs are capable of displaying nightly
optical variations of 0.20 magnitudes or more, though low-amplitude events are still more common
than larger ones. As seen in Figure 3.25, regardless of state J0849+5108 demonstrates nightly
variations of over 0.3 magnitudes, further indicating a more LBL-like nature.
The long term behavior of the object also supports this conclusion. With only rare exceptions
such as Markarian 421, HBLs appear to demonstrate a more limited range of optical variability
when compared to LBLs (Campbell, 2004). On the time scales of several years, HBLs have only
shown a total range of 2 magnitudes or less, whereas LBLs have been known to vary by as much
as 5 magnitudes or more. As mentioned in section 3, J0849+5108 underwent a four magnitude
increase in brightness across the 2013 observing session, well above what is typically demonstrated
by HBLs. Therefore, over both short and long time scales J0849+5108 appears to demonstrate the
type of behavior that would be expected for a LBL blazar. The fact that such a major flare is rare
for the object is largely irrelevant, as HBLs are not known to demonstrate such large ranges in
magnitude, particularly not on a time scale of a mere two months.
While the data for J0849+5108 includes several nights with very high cadence data, the object
unfortunately shows a maximum intra-night optical amplitude that is roughly two-thirds that of
J0948+0022. This means that no individual night showed enough activity to make a direct deter-
mination of t . However, data from the large amplitude flare in April 2013 shown in Figure 3.23
does allow an upper limit of 1-2 days on the doubling time scale to be made, which is in agreement
with recent published observations from other groups (D’Ammando et al., 2013).
Like J0948+0022, J0849+5108 shows similar amplitudes of microvariability in both high and
low states. This supports a jet origin for the microvariability over a disk origin based on arguments
presented in the previous section.
As a final point, at least some blazars (such as 3C 454.3) that have shown comparable g-ray and
optical behavior to what is reported in this paper have also demonstrated superluminal features in
the parsec-scale jet (Marscher et al., 2010; Jorstad et al., 2010). This encourages monitoring of very
radio-loud NLSy1s such as J0849+5108 with the Very Long Baseline Array to aid in understanding
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the relationship between jet power and high energy production, as well as mechanisms for the
origin of g-rays in AGN.
4.3 Amplitude of Microvariability
In order to investigate the nature of the microvariations associated with this sample of radio-loud
NLSy1s, a histogram of the number of intra-night events vs. amplitude was constructed. The top
half of Figure 4.4 examines the amplitude of every microvariation detected in the sample. Over
140 events were observed, with amplitudes ranging from 0.04 to 0.92 magnitudes. It should be
noted that J0849+5108 and J0948+0022 contributed all events with amplitudes greater than 0.35
magnitudes. Only J0948+0022 varied by more than 0.6 magnitudes. Since these two objects have
proven to be exceptional in a variety of key characteristics, the bottom half of Figure 4.4 excludes
them, allowing the reader to see a more representative distribution.
It is immediately apparent that there is a paucity of detections below 0.06 magnitudes, despite
the fact that minor variations are expected to greatly outnumber higher amplitude events for both
radio-loud NLSy1s and blazars. This lack of detections has an instrumentational cause. Since
the photometric error of most of the comparison stars used to perform differential photometry in
this study had uncertainties on the order of 0.02-0.05 magnitudes, only events of greater ampli-
tude could be confirmed. Almost immediately after rising above this noise level the data reaches
a low-amplitude maximum at DmR ⇡ 0.09. The distribution essentially flattens after this point,
demonstrating 4±2 detections at each increment until reaching DmR ⇡ 0.3 magnitudes. At larger
amplitudes detections become increasingly scarce, with only one or two detections per increment.
Although the scale of the x-axis does not permit the reader to see it, new detections become in-
creasingly rare after ~0.4 magnitudes. At the extreme end, there is a 0.1 magnitude gap between
the two most high-amplitude detections (0.82 and 0.92 magnitudes).
The above distribution can be contrasted with Figures 4.5a and 4.5b, which are taken from
Miller and Noble (1996). Figure 4.5a displays the frequency of microvariations for a population



































































































































































































































































































































(a) Microvariability of LBLs
(b) Microvariability of HBLs
Figure 4.5: Number of Microvarying Events vs. Amplitude of Events (Blazars)
These figures were originally published in Miller and Noble (1996).
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Figure 4.6: KS-Test of the radio-loud NLSy1, LBL, and HBL Populations
tion displays only lower amplitude variations compared to the other samples, exhibiting no events
greater than 0.12 magnitudes. By contrast, the LBL population displays a distribution very similar
to that of the radio-loud NLSy1s presented in Figure 4.4. One major difference between the two
populations is the detection of intra-night events with amplitudes as low as 0.02 magnitudes in
the LBL sample. Again, this is a selection effect caused by the fact that the objects observed in
Miller and Noble (1996) were (as a population) considerably brighter than the NLSy1s presented
here. This in turn allowed for lower uncertainties in their measurements, and thus permitted the
subsequent detection of lower-amplitude events.
A KS-test was performed on the radio-loud NLSy1, LBL, and HBL data sets to ascertain the
degree of similarity in the microvariability between the three classes of objects. Due to the bias in
the radio-loud NLSy1 distribution against low-amplitude events, only microvariations larger than
0.05 magnitudes were included in the analysis. The results of this test can be seen in Figure 4.6. A
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visual inspection is sufficient to determine that the HBL population is very dissimilar from either
of the other distributions. The KS statistic for the comparison between the HBL and radio-loud
NLSy1 populations was found to be D = 0.6023, implying a very low 0.0001% chance that the
two distributions share the same parent population. However, given the small sample size of the
HBL data this number probably cannot be trusted, and should be assumed to be effectively zero.
Conversely, the KS statistic for the comparison between the radio-loud NLSy1s and the LBLs was
found to be D = 0.224, implying a P value of 0.106. This suggests that there is an approximate 89%
probability that they are drawn from the same parent population. We therefore conclude that the
microvariability detected in the radio-loud NLSy1 population as a class originates from a group of
objects similar to LBL-type blazars.
4.4 g-Ray Loud vs. g-Ray Quiet Radio-Loud NLSy1s
Although no direct relationship between g-ray loudness and duty cycle could be determined in
section 4.1, an analysis similar to that found in the previous section reveals distinctions between the
g-ray detected NLSy1s and those objects that have not been detected in the g-rays. A histogram of
the duty cycles observed for each object in the sample is presented in Figure 4.7a. This distribution
is then separated into two sub-samples: those objects that are detected at g-ray energies (Figure
4.7b) and those that are not (Figure 4.7c).
It is immediately obvious that the distribution seen in Figure 4.7a is comprised of two unique
yet overlapping populations. Those objects that are detected in g-rays possess duty cycles that span
the full range of the sample, while the g-ray quiet objects are largely restricted to the lowest duty
cycles. Furthermore, the g-ray loud sample does not appear to show any preference for TS value.
Objects strongly detected in the g-rays (TS   25) and those that are not (TS < 25) are evenly
distributed across the population shown in Figure 4.7b. Therefore, while the detection of g-ray
emission appears to be a requirement for an object to demonstrate higher-amplitude duty cycles,
the strength of the detection is largely irrelevant and it does not guarantee a high duty cycle will































(a) Duty Cycles of the Complete Sample of radio-loud NLSy1s
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(b) Duty Cycles of the g-Ray Detected Objects
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Number of Objects vs Duty Cycle















(c) Duty Cycles of the g-Ray Quiet Objects
Figure 4.7: Distribution of Duty Cycles in the Sample
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5.1 Determination of Blazar-Like Status
Each object in the sample has been examined for blazar-like characteristics: a high duty cycle,
high-amplitude optical variability at intra-night and long time scales, and detection in the g-rays.
Due to the fact that no difference has been found between the objects that are strongly detected
at g-ray energies and the sources that have been detected but possess low TS values, every g-ray
source will be treated with equal weight. The additional requirement that blazar-like objects should
be radio loud is met by every object in the sample.
Based on these criteria, the 10 objects shown in Table 5.1 demonstrate no blazar-like char-
acteristics. None of them show duty cycles larger than 10%. All of the objects show maximum
long-term variations significantly less than one magnitude. On intra-night time scales two of the
objects (J1333+4141 andJ1358+2658) have slightly larger amplitudes than would be expected, but
this can be assumed to be coincidental based on the fact that no other blazar-like properties are
demonstrated.
Since the g-ray emission commonly seen in blazars is a direct consequence of the fact that their
relativistic jets lie along the line of sight to the observer, any radio-loud NLSy1 sharing this unique
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Table 5.1: Objects that do not display blazar-like characteristics
Object DC Intra-night Long-term log(R) log(G) TS
4mR 4mR
IRAS 01506+2554 1% 0.09 0.56 1.40 — —
J0744+5149 0% 0 0.33 1.62 — —
IRAS 09426+1926 0% 0 0.29 1.56 — —
J1038+4227 9% 0.09 0.24 1.30 — —
J1047+4725 0% 0 0.23 4.09 — —
J1140+4622 4% 0.09 0.37 1.36 — —
J1333+4141 10% 0.13 0.43 1.06 — —
J1358+2658 8% 0.13 0.29 1.11 — —
J1405+2657 0% 0 0.25 1.09 — —
J1421+2824 0% 0 0.20 2.14 — —
orientation should also be detected in the g-rays. This is supported by the discussion in section
5.2, which revealed that only the g-ray loud objects demonstrate blazar-like duty cycles. The five
objects found in Table 5.2 are therefore highly unlikely to be blazar-like objects due to their lack of
g-ray emission. However, all five show higher amplitudes of microvariability than would normally
be expected for a typical radio-loud quasar (refer back to Table 2.3 for a comparison).
Of the remaining sample, the eight g-ray detected objects shown in Table 5.3 fail to demonstrate
blazar-like duty cycles. In addition, they show only low amplitude variability on long time scales.
Five of the objects, however, demonstrate high amplitude microvariability. Other than being g-ray
loud, there does not appear to be any intrinsic difference between the objects in Table 5.3 when
compared to those found in Table 5.2.
Table 5.4 shows the seven objects in the sample that are most similar to blazars: these objects
(1) have high duty cycles, (2) are all detected in the g-rays, and (3) show relatively large am-
plitude microvariability1. Three of the objects (J0849+5108, J0948+0022, and IRAS 20181-2244)
demonstrate very high duty cycles (between 70-90%) that suggest that they are similar to LBL-type
blazars – recall that LBLs typically show duty cycles of ~80%. SEDs are available for J0849+5108
and J0948+0022, and were presented in Chapter 3 – the fact that the synchrotron peaks of both ob-
jects lie within the optical / IR regime (as opposed to the UV) lends further support to the idea
1To clarify how the objects were sorted, the sources listed in Table 5.3 fail test (1), those in Table 5.2 fail tests (1)
and (2), and those listed in Table 5.1 fail all three.
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Table 5.2: g-Ray Quiet Objects with Indeterminate Properties
Object DC Intra-night Long-term log(R) log(G) TS
4mR 4mR
J0723+5054 10% 0.21 0.42 1.29 — —
J1227+3214 10% 0.21 0.21 1.36 — —
B3 1702+457 8% 0.19 0.25 2.01 — —
J1709+2348 10% 0.21 0.56 1.06 — —
J1633+4718 7% 0.15 0.44 2.19 — —
that they are LBL-like objects. The remaining objects show much lower duty cycles with val-
ues between 30-42%, although this remains much greater than the ~3% duty cycles observed for
radio-quiet NLSy1s. These values are closer to what would be expected for an HBL-type blazar
or even a more “typical” radio-loud quasar, but it should be noted that a minority of LBLs (PKS
2201+044 or OJ 287, for example) exhibit duty cycles of similarly low values. Therefore, given
that J0849+5108 and J0948+0022 are definitely LBL-type objects, the remaining objects should
be examined in greater detail before a classification is assigned to them.
Only J0849+5108 and J0948+0022 demonstrate extreme blazar-like variability on the time
scale of years; as with their duty cycles, their very high amplitude variations indicate that they are
LBL-like objects. The remainder of the sources in Table 5.4 show less long-term variability than
would expected even for a normal radio-loud quasar, and significantly less than either an HBL or
LBL-like blazar. However, with the exception of IRAS 20181-2244, all of the objects in Table
5.4 show higher amplitudes on both long and short time scales than is the norm for the rest of the
sample, although there is some overlap. On intra-night time scales, all 7 of the blazar-like objects
show amplitudes of4mR > 0.2, most similar to LBL-blazars and far in excess of what is observed
for radio-quiet NLSy1s (4mR ⇡ 0.05).
The object PKS 1502+036 provides a key observation that helps resolve these objects into
a single population. The SED of PKS 1502+036 was provided in Figure 3.54 and shows the
classic double-peaked structure of a blazar, with the location of the peaks indicating it is an LBL-
type object. However, PKS 1502+036 has the lowest duty cycle of any object in Table 5.4. It
would therefore appear that all of the objects in Table 5.4 are otherwise LBL-like, and that radio-
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Table 5.3: g-Ray Loud Objects with Indeterminate Properties
Object DC Intra-night Long-term log(R) log(G) TS
4mR 4mR
J0100-0200 10% 0.22 0.42 1.77 6.27 9.65
J0804+3853 2% 0.18 0.64 1.18 7.06 10.77
J0956+2515 8% 0.18 0.70 3.56 6.48 95.95
J1102+2239 11% 0.25 0.40 1.28 6.96 14.57
J1146+3236 0% 0 0.21 2.19 6.88 12.6
J1443+4725 0% 0 0.26 3.03 7.25 27.8
J1713+3523 4% 0.30 0.32 1.05 7.08 12.03
J2314+2243 8% 0.07 0.29 1.25 7.56 11.6
loud NLSy1s as a class are simply more likely to be found at lower duty cycles than blazars (at
least when compared to the LBL-type population they most closely resemble). This would be in
agreement with the results of section 5.1.
The low amplitude seen in the long-term variability of IRAS 20181-2244 is unusual, but an
explanation is presented when comparing it to the remaining objects in Table 5.4. The object is
much more quiet in the radio and g-ray regimes than any other object except J0706+3901. It is also
optically faint, at mR~18.5. These observations taken together hint that the object may currently
reside in a quiescent state. There are many blazars (OE 110 serving as an excellent example)
that have in the past demonstrated significant variability only to fade into inactive states lasting
decades at a time. IRAS 20181-2244 may show similar behavior if it continues to be monitored in
the future.
The three remaining objects in the sample are shown in Table 5.5, and are more difficult to
categorize. 1H 0323+342 possesses an extremely low duty cycle of 2% and shows little evidence
of microvariability. However, it is one of the few objects in the sample for which an SED has been
constructed (see Figure 3.13), and the shape of the SED indicates that it is another LBL-like blazar.
If true, nearly all of the objects listed in Table 5.3 would be much more likely to be blazar-type
objects, since the very low duty cycles they exhibit was the primary reason for excluding them
from Table 5.4. However, it must be noted that the long-term variability of 1H 0323+342 has the
third largest amplitude of the entire sample (behind only J0849+5108 and J0948+0022), and there
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Table 5.4: Objects with Blazar-Like Properties
Object DC Intra-night Long-term log(R) log(G) TS
4mR 4mR
J0706+3901 31% 0.35 0.60 1.21 7.79 10.5
J0849+5108 90% 0.58 4.11 3.16 7.33 790
J0948+0022 74% 0.92 3.33 2.93 6.09 402
J1246+0238 42% 0.28 0.56 2.38 7.74 17.1
PKS 1502+036 30% 0.23 0.67 3.53 5.81 36.6
J1644+2619 37% 0.24 0.71 2.73 7.01 52.25
IRAS 20181-2244 75% 0.26 0.41 1.57 6.89 9.42
is a significant gap of 0.3 magnitudes between it and the next most variable object. This suggests
a difference between 1H 0323+342 and those found in Table 5.3.
The remaining two objects in Table 5.5 (RX 16290+4007 and J1435+132) both lack detections
in the g-ray regime, but demonstrate duty cycles similar to many of the blazar-like objects in Table
5.4. These are the two sources observed at moderate duty cycles in Figure 4.7c. It should be noted
that many of the objects in the sample that possess low TS values were only recently discovered to
be Fermi-detected sources in Eggen (2014b). If other objects in the sample are to be found at g-ray
energies, RX 16290+4007 may be a likely candidate since it also demonstrates high amplitude
microvariability, with J1435+132 close behind.
As a final point, the objects in this sample have a large range of radio brightness. For example,
the object J1047+4725 has the highest value of R in the entire sample, but nevertheless suggests
no evidence of blazar-like characteristics. Alternatively, J0706+3901 and IRAS 20181-2244 were
found to possess multiple blazar-like characteristics yet demonstrated values of log(R) < 2. It
would therefore appear that astronomers have been overly restrictive in searching for blazar-like
properties in only very radio loud NLSy1s. Even moderately radio loud objects (i.e., those with
relatively weak jet contributions) may possess similar characteristics.
5.2 Summary and Future Work
The research presented in this dissertation has investigated the optical variability of a sample of
radio-loud, narrow-line Seyfert 1 galaxies on both long (yearly) and short (intra-night) time scales.
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Table 5.5: Potentially Blazar-Like Objects
Object DC Intra-night Long-term log(R) log(G) TS
4mR 4mR
1H 0323+342 2% 0.14 1.05 2.50 6.81 280
J1435+132 30% 0.11 0.46 2.98 — —
RX 16290+4007 29% 0.24 0.27 1.61 — —
Two exceptional objects – J0849+5108 and J0948+0022 – were confirmed to demonstrate frequent
and violently variable optical activity on all measured time scales. Of particular note were the
discovery of extremely high-amplitude microvariability from J0948+0022, the determination of a
very rapid doubling time scale of approximately 40 minutes for the same object, and the occurrence
of a 4-magnitude optical flare from J0849+5108 that has been unequalled since 1975. This flare
was accompanied by quasi-simultaneous data from the radio, infrared, x-ray, and g-ray regimes.
Population studies failed to find significant correlations between the duty cycles of the radio-
loud NLSy1 sample to parameters such as radio loudness, g-ray loudness, black hole mass, or
amplitude of variability. However, the sample was found to demonstrate microvariability at ampli-
tudes with a distribution very similar to that of LBL blazars. Based on their observed duty cycles,
the amplitudes of the short and long time scale optical variability, and detections at g-ray energies,
7 of the 33 objects in the sample were found to be most similar to LBL-type blazars. Another three
objects may also be LBLs. Only 10 objects were definitively found to be non-blazar-like, with the
remainder of the sample having traits similar to both blazars and Seyfert galaxies.
Perhaps most importantly, it was discovered that while g-ray emission was required for an ob-
ject to demonstrate blazar-like optical variability2, the presence of high energy emission did not
ensure such variability would be found. Many of the objects shown in Table 5.3 demonstrated lit-
tle or even no evidence of microvarying behavior, despite hundreds of observations over multiple
years; this makes it unlikely that the lack of detection was purely due to chance. Additionally, the
radio loudness of the objects was completely independent of the level of optical variability the ob-
2It is true that not all known blazars have been detected at g-ray energies, so a lack of any such detection does not
completely rule out that a given NLSy1 is a blazar-like object. But within the observations of this study, only the g-ray
loud NLSy1s showed blazar-like variability.
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jects demonstrated. Blazar-like variability was present in NLSy1s with radio loudness parameters
as low as log(R) = 1.2, absent in objects as radio loud as log(R) > 3, and vice versa.
Several potential lines of research are suggested by these results. First, two objects (RX
16290+4007 and J1435+132) that currently lack evidence of g-ray emission were found to have
moderately high duty cycles. If a dedicated investigation reveals that these objects have been
detected by the Fermi instrument, it would significantly enhance the argument that the optical
variability seen in radio-loud NLSy1s is due to the same phenomenon as found in blazars.
In addition, Abdo et al. (2009b) presents a g-ray detected radio-loud NLSy1 not included in
this study. The object, PKS 2004-447 (2XMM J200755.2-443444), was found to possess a double-
peaked, LBL-like SED. PKS 2004-447 was not included in the sample presented here due to the
fact that its southern declination precluded the possibility of observing it with the telescopes at
Lowell. While the object could have been observed at CTIO, the amount of observing time avail-
able to this study was insufficient to collect the high cadence intra-night data that would have been
required. Astronomers with access to telescopes in the southern hemisphere are strongly encour-
aged to study the optical variability of this object.
This study presents a large set of optical data for radio-loud NLSy1s. The PEGA group at GSU
possesses an even larger volume of data pertaining to BL Lacs and OVV blazars, and other groups
such as Stalin et al. (2004) have amassed a considerable number of observations on radio-quiet
quasars, radio- loud quasars, and other AGN. A large-scale analysis of the properties of all types
of AGN would be highly informative if these samples could be combined. For example, the duty
cycles of radio-quiet quasars and HBLs are commonly cited to be ~10% and ~45% respectively.
However, these are known to be averages. How widely does this value range within each popula-
tion? Is there a significant overlap with the duty cycles of other classes of objects – the results of
this study indicate that this may be the case. What about other parameters, such as variability time
scales or amplitude? This information would be invaluable to astronomers studying all types of
AGNs, and could form the basis of a variety of new studies.
Relating to the above, other studies have used multiple methods and equations to determine the
127
duty cycle for an object. A very simple equation was used for this document, and results may be
slightly inconsistent when compared to data from other sources (for example, as was done in Table
2.3. The broad trends between object types should remain distinguishable, in that (for example)
LBLs show much larger duty cycles than HBLs, which in turn are larger than what is found for
radio-quiet NLSy1s. However, a consistent methodology across object types will be required for
any future large-scale study as discussed in the previous paragraph.
Finally, astronomers are encouraged to collect the necessary multi-wavelength observations for
the construction of SEDs for these and similar objects. This remains the most definitive way of
demonstrating whether a radio-loud NLSy1 is blazar-like or not. Should one or more of the ob-
jects showing significant microvariability be shown to possess an SED lacking the double-peaked
structure of a blazar, then many of the conclusions presented in this dissertation will have been
challenged.
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The following pages present the data that was acquired for each object as part of this investigation.
Each section includes the following information: a finding chart for the object, a table detailing
the apparent magnitudes of any comparison stars appearing in the finding chart, a table listing
the optical observations for each night of data for the object, and chronologically organized light
curves for any nights the object demonstrated microvariability.
All finding charts were produced by the author as part of this project. The base images used
to create them were obtained from the Palomar Observatory Sky Survey (POSSII) using the imag-
ing tools available through the SIMBAD Astronomical Database 1. The Sloan Digital Sky Survey
(SDSS) was later used to estimate the brightnesses of field stars when selecting comparison ob-
jects for differential photometry; these estimates were later refined to true apparent magnitudes as
detailed in Chapter 2.
As the reader reviews this appendix, (s)he may find several nights that appear to show high
amplitude variations with low average uncertainties that are not claimed as detections of microvari-
ability. An example of such an event can be seen in Figure A.1. Almost universally, these nights
demonstrate a relatively small number of high-variance, high uncertainty data (few enough that the
average uncertainty remains low) while the remaining low-uncertainty data shows little evidence
of variability. This is indicative of temporary atmospheric effects such as poor seeing or passing
1http://simbad.u-strasbg.fr/simbad/
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clouds that are affecting part of the data set, and so the variability cannot be assumed to be intrinsic
to the source object. Therefore, no claim of detection of microvariability is made.
Figures A.2-A.10 show light curves for objects undergoing events of various amplitude and at
various epochs. These light curves also show the activity of one of the comparison stars on the
same night; as they should be, the comparison star light curves are flat compared to the activity
of the associated object. These figures are shown so that the reader may have confidence that the
reported variations of the objects in this study are genuine.
Figure A.1: Example of false microvariability
Although this night demonstrates a high amplitude of variability (0.19 magnitudes) and the average
uncertainty is low (0.02 magnitudes), these values are misleading. Upon examination of the light
curve, it can be seen that the high-variance data has much higher uncertainties than the data found
within the main trend. There is a high probability that these variations are not intrinsic to the
source, but were instead caused by a transient atmospheric effects.
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(a) Light curve showing a ~0.05 magnitude event
(b) Comparison star light curve for the event shown above.
Figure A.2: Demonstration of check star stablitiy: ~0.05 magnitude event
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(a) Light curve showing a ~0.10 magnitude event
(b) Comparison star light curve for the event shown above.
Figure A.3: Demonstration of check star stablitiy: ~0.10 magnitude event
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(a) Light curve showing a ~0.20 magnitude event
(b) Comparison star light curve for the event shown above.
Figure A.4: Demonstration of check star stablitiy: ~0.20 magnitude event
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(a) Light curve showing a ~0.25 magnitude event
(b) Comparison star light curve for the event shown above.
Figure A.5: Demonstration of check star stablitiy: ~0.25 magnitude event
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(a) Light curve showing a ~0.30 magnitude event
(b) Comparison star light curve for the event shown above.
Figure A.6: Demonstration of check star stablitiy: ~0.30 magnitude event
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(a) Light curve showing a ~0.35 magnitude event
(b) Comparison star light curve for the event shown above.
Figure A.7: Demonstration of check star stablitiy: ~0.35 magnitude event
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(a) Light curve showing a ~0.40 magnitude event
(b) Comparison star light curve for the event shown above.
Figure A.8: Demonstration of check star stablitiy: ~0.40 magnitude event
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(a) Light curve showing a ~0.60 magnitude event
(b) Comparison star light curve for the event shown above.
Figure A.9: Demonstration of check star stablitiy: ~0.60 magnitude event
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(a) Light curve showing a ~0.90 magnitude event
(b) Comparison star light curve for the event shown above.
Figure A.10: Demonstration of check star stablitiy: ~0.90 magnitude event
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A.1 J0100-0200
Figure A.11: Finding chart for J0100-0200
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.1: Comparison stars for the field of J0100-0200
All values are in the Johnson R band.











Table A.2: Optical Data for J0100-0200
Julian Day Source Avg.
Mag.




2456187 42inch 19.11 0.02 0.14(19.04-19.18) 130 13 *
2456187 72inch 18.97 0.01 0.09(18.93-19.02) 117 50
2456188 42inch 19.19 0.02 0.04(19.17-19.21) 56 4
2456191 42inch 19.2 0.02 0.04(19.19-19.23) 25 3
2456533 42inch 19.16 0.02 0.09(19.11-19.20) 125 9
2456538 72inch 19.01 0.01 0.01(19.01-19.02) 3 3
2456540 72inch 18.97 0.02 0.12(18.88-19.00) 322 24 **
2456541 72inch 18.84 0.08 0.07(18.82-18.89) 97 20
2456565 42inch 19.21 0.02 0.05(19.19-19.24) 247 11
2456566 42inch 19.19 0.02 0.04(19.17-19.21) 322 14
2456567 42inch 19.17 0.02 0.05(19.15-19.20) 321 14
2456568 42inch 19.17 0.02 0.05(19.15-19.20) 284 12
2456592 72inch 18.98 0.02 0.22(18.82-19.04) 145 32 *
2456593 72inch 18.99 0.02 0.08(18.96-19.04) 266 48
2456596 31inch 19.03 0.02 0.07(18.99-19.06) 228 8
2456596 72inch 19 0.01 0.04(18.98-19.02) 188 12
2456597 31inch 19.02 0.02 0.06(19.00-19.06) 377 12
2456605 31inch 19 0.02 0.04(18.99-19.03) 336 10
2456606 31inch 19 0.02 0.06(18.96-19.02) 305 10
2456654 72inch 18.97 0.02 0.03(18.96-18.99) 198 9
2456656 72inch 19 0.01 0.05(18.97-19.02) 160 9
2456657 72inch 18.96 0.03 0.07(18.92-18.99) 193 9
2456658 72inch 18.99 0.02 0.05(18.97-19.02) 161 10
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Table A.2 cont.
2456659 72inch 19 0.02 0.06(18.97-19.03) 140 9
2456661 72inch 18.99 0.02 0.09(18.95-19.04) 196 17
2456662 72inch 19.03 0.03 0.13(18.97-19.10) 248 12
2456663 72inch 18.98 0.01 0.07(18.95-19.02) 173 9
2456683 31inch 18.97 0.02 0.04(18.96-19.00) 13 3
2456684 31inch 19 0.02 0.09(18.96-19.05) 13 3
2456685 31inch 18.99 0.01 0.04(18.97-19.01) 13 3
2456686 31inch 19.02 0.02 0.04(19.00-19.04) 13 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.12: Complete light curve for J0100-0200.
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Figure A.13: Daily light curve for J0100-0200.
This represents a confirmed detection of microvariability.
Figure A.14: Daily light curve for J0100-0200.
This represents a probable detection of microvariability.
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Figure A.15: Daily light curve for J0100-0200.
This represents a probable detection of microvariability.
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A.2 J0153+2609 (IRAS 01506+2554)
Figure A.16: Finding chart for IRAS 01506+2554
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.3: Comparison stars for the field of IRAS 01506+2554
All values are in the Johnson R band.










Table A.4: Optical Data for IRAS 01506+2554
Julian Day Source Avg.
Mag.




2456188 42inch 16.84 0.01 0.01(16.83-16.84) 25 4
2456192 42inch 16.84 0.02 0.19(16.76-16.95) 205 33
2456218 31inch 16.82 0.02 0.02(16.81-16.83) 444 9
2456219 31inch 16.82 0.02 0.03(16.81-16.84) 536 30
2456220 31inch 16.82 0.02 0.03(16.81-16.84) 536 30
2456221 31inch 16.82 0.02 0.07(16.81-16.88) 517 27
2456222 31inch 16.82 0.02 0.03(16.81-16.84) 210 12
2456243 31inch 16.83 0.02 0.01(16.83-16.84) 396 9
2456244 31inch 16.83 0.02 0.04(16.82-16.86) 508 30
2456245 31inch 16.83 0.02 0.06(16.81-16.87) 508 30
2456246 31inch 16.83 0.02 0.03(16.81-16.84) 506 31
2456248 31inch 16.82 0.02 0.04(16.80-16.84) 486 32
2456249 31inch 16.83 0.02 0.02(16.82-16.84) 276 16
2456250 31inch 16.81 0.02 0.01(16.81-16.82) 10 2
2456281 31inch 16.84 0.03 0.06(16.81-16.87) 147 6
2456304 31inch 16.82 0.02 0.02(16.81-16.83) 20 3
2456305 31inch 16.85 0.03 0.09(16.80-16.89) 129 7
2456310 31inch 16.84 0.02 0.01(16.83-16.84) 67 6
2456311 31inch 16.84 0.02 0.02(16.83-16.85) 98 9
2456312 31inch 16.83 0.02 0.03(16.82-16.85) 98 9
2456540 72inch 16.85 0.01 0.09(16.82-16.91) 318 24 *
2456541 72inch 16.42 0.01 0.08(16.39-16.47) 100 40
2456565 42inch 16.85 0.01 0.03(16.84-16.87) 236 15
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Table A.4 cont.
2456566 42inch 16.86 0.01 0.04(16.84-16.88) 322 21
2456567 42inch 16.86 0.01 0.05(16.84-16.89) 281 18
2456568 42inch 16.84 0.01 0.02(16.83-16.85) 284 18
2456596 31inch 16.82 0.02 0.04(16.80-16.84) 238 12
2456597 31inch 16.82 0.02 0.05(16.79-16.84) 538 30
2456605 31inch 16.83 0.02 0.03(16.82-16.85) 512 24
2456606 31inch 16.83 0.02 0.03(16.81-16.84) 489 21
2456654 72inch 16.81 0.03 0.13(16.74-16.87) 267 12
2456656 72inch 16.84 0.01 0.03(16.83-16.86) 228 12
2456657 72inch 16.82 0.02 0.04(16.80-16.84) 271 12
2456658 72inch 16.86 0.02 0.11(16.82-16.93) 161 9
2456659 72inch 16.84 0.03 0.04(16.82-16.86) 223 12
2456661 72inch 16.84 0.02 0.07(16.82-16.89) 224 45
2456662 72inch 16.84 0.04 0.05(16.82-16.87) 232 12
2456663 72inch 16.84 0.01 0.03(16.82-16.85) 242 12
2456683 31inch 16.84 0.02 0.03(16.82-16.85) 180 9
2456684 31inch 16.81 0.03 0.15(16.72-16.87) 156 8
2456685 31inch 16.83 0.02 0.03(16.82-16.85) 156 12
2456686 31inch 16.83 0.02 0.03(16.82-16.85) 156 12
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.17: Complete light curve for IRAS 01506+2554.
Figure A.18: Daily light curve for IRAS 01506+2554.
This represents a probable detection of microvariability.
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Figure A.19: Daily light curve for IRAS 01506+2554.
This represents a probable detection of microvariability.
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A.3 1H 0323+342
Figure A.20: Finding chart for 1H 0323+342
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.5: Comparison stars for the field of 1H 0323+342
All values are in the Johnson R band.










Table A.6: Optical Data for 1H 0323+342
Julian Day Source Avg.
Mag.




2455530 31inch 15.92 0.02 0.05(15.90-15.95) 538 24
2455531 31inch 15.91 0.02 0.09(15.84-15.93) 534 24
2455532 31inch 15.88 0.02 0.04(15.86-15.90) 534 24
2455533 31inch 15.93 0.02 0.06(15.91-15.97) 535 23
2455923 31inch 16.06 0.02 0.07(16.01-16.08) 355 48
2455924 31inch 16.14 0.02 0.03(16.12-16.15) 347 43
2455925 31inch 16.13 0.02 0.11(16.04-16.15) 326 24
2455926 31inch 16.13 0.02 0.03(16.12-16.15) 316 21
2455927 31inch 16.12 0.02 0.08(16.08-16.16) 354 48
2455951 72inch 15.56 0.07 0.09(15.49-15.58) 187 31
2455952 72inch 15.64 0.05 0.27(15.43-15.70) 156 31
2455984 42inch 16.21 0.04 0.24(16.06-16.30) 63 50
2455986 42inch 16.31 0.02 0.09(16.26-16.35) 23 31
2455987 42inch 16.32 0.02 0.04(16.29-16.33) 67 19
2455988 42inch 16.3 0.02 0.04(16.28-16.32) 53 15
2455989 42inch 16.3 0.02 0.09(16.27-16.36) 94 20
2456187 42inch 16.18 0.02 0.08(16.13-16.21) 226 31
2456187 72inch 16.22 0.02 0.11(16.14-16.25) 229 170
2456188 42inch 16.18 0.02 0.05(16.16-16.21) 272 37
2456189 42inch 16.19 0.02 0.29(15.93-16.22) 279 39
2456190 42inch 16.18 0.02 0.10(16.11-16.21) 270 38
2456191 42inch 16.17 0.02 0.14(16.07-16.21) 270 38 *
2456218 31inch 16.02 0.02 0.01(16.01-16.02) 274 6
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Table A.6 cont.
2456219 31inch 16.04 0.02 0.02(16.03-16.05) 505 30
2456220 31inch 16.03 0.02 0.02(16.02-16.04) 497 29
2456221 31inch 16.02 0.02 0.03(16.01-16.04) 505 30
2456221 72inch 16.02 0.02 0.02(16.01-16.03) 118 61
2456222 31inch 16.01 0.02 0.04(15.99-16.03) 177 12
2456243 31inch 16.01 0.02 0.05(15.99-16.04) 520 9
2456244 31inch 16.01 0.02 0.01(16.01-16.02) 14 3
2456245 31inch 15.96 0.02 0.02(15.95-15.97) 14 3
2456246 31inch 16.03 0.02 0.00(16.03-16.03) 14 3
2456248 31inch 16.03 0.02 0.01(16.02-16.03) 14 3
2456249 31inch 16.07 0.02 0.00(16.07-16.07) 14 3
2456281 31inch 15.89 0.03 0.19(15.74-15.93) 294 6
2456304 31inch 16.05 0.02 0.00(16.05-16.05) 14 3
2456305 31inch 16.08 0.03 0.03(16.06-16.09) 48 3
2456310 31inch 16.03 0.02 0.03(16.01-16.04) 52 4
2456311 31inch 16.07 0.02 0.01(16.06-16.07) 52 4
2456312 31inch 16.07 0.02 0.01(16.06-16.07) 52 4
2456336 31inch 15.78 0.02 0.02(15.78-15.80) 14 3
2456337 31inch 16.03 0.02 0.03(16.01-16.04) 181 12
2456339 31inch 16.07 0.02 0.00(16.07-16.07) 14 3
2456340 31inch 16.07 0.02 0.02(16.06-16.08) 14 3
2456341 31inch 16.08 0.02 0.02(16.07-16.09) 14 3
2456342 31inch 15.79 0.02 0.04(15.77-15.81) 14 3
2456533 42inch 15.89 0.01 0.02(15.88-15.90) 2 3
2456540 72inch 15.81 0.03 0.08(15.76-15.84) 1 3
2456567 42inch 15.99 0.02 0.07(15.95-16.02) 7 3
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Table A.6 cont.
2456625 72inch 16.03 0.02 0.01(16.03-16.04) 2 3
2456658 72inch 15.96 0.02 0.03(15.94-15.97) 2 3
2456663 72inch 16.01 0.02 0.00(16.01-16.01) 2 3
2456711 72inch 15.96 0.02 0.01(15.95-15.96) 2 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.21: Complete light curve for 1H 0323+342.
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Figure A.22: Daily light curve for 1H 0323+342.
This represents a probable detection of microvariability.
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A.4 J0706+3901
Figure A.23: Finding chart for J0706+3901
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.7: Comparison stars for the field of J0706+3901
All values are in the Johnson R band.









Table A.8: Optical Data for J0706+3901
Julian Day Source Avg.
Mag.




2456007 72inch 17.12 0.02 0.01(17.12-17.13) 10 3
2456009 42inch 17.26 0.01 0.06(17.22-17.28) 22 4
2456039 72inch 17.31 0.01 0.09(17.28-17.37) 6 4
2456041 72inch 17.26 0.01 0.01(17.25-17.26) 5 3
2456042 72inch 17.28 0.01 0.03(17.27-17.30) 4 3
2456398 42inch 17.13 0.01 0.06(17.09-17.15) 10 3
2456591 72inch 17.02 0.02 0.11(16.96-17.07) 33 20
2456592 72inch 17.07 0.02 0.10(17.02-17.12) 155 80 **
2456593 72inch 17.08 0.01 0.02(17.07-17.09) 51 8
2456605 31inch 17.13 0.01 0.06(17.09-17.15) 318 10 *
2456606 31inch 17.12 0.01 0.03(17.11-17.14) 308 12
2456625 72inch 17.06 0.02 0.06(17.03-17.09) 161 9
2456654 72inch 17.04 0.02 0.22(16.89-17.11) 130 25
2456656 72inch 17.09 0.01 0.02(17.08-17.10) 171 9
2456659 72inch 17.08 0.01 0.02(17.07-17.09) 172 9
2456660 72inch 17.02 0.02 0.35(16.77-17.12) 254 39 **
2456661 72inch 17.07 0.01 0.06(17.04-17.10) 170 44 **
2456662 72inch 17.03 0.02 0.14(16.96-17.10) 161 33 **
2456663 72inch 17.08 0.01 0.02(17.07-17.09) 178 9
2456683 31inch 17.12 0.01 0.04(17.10-17.14) 428 18
2456684 31inch 17.12 0.01 0.09(17.06-17.15) 334 16
2456685 31inch 17.11 0.01 0.08(17.09-17.17) 428 23
2456686 31inch 17.11 0.01 0.07(17.08-17.15) 427 24 **
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Table A.8 cont.
2456711 72inch 17.09 0.01 0.02(17.08-17.10) 6 3
2456714 72inch 17.08 0.01 0.15(16.97-17.12) 183 18
2456716 72inch 17.1 0.01 0.04(17.08-17.12) 135 59
2456717 72inch 17.09 0.02 0.03(17.07-17.10) 2 3
2456725 42inch 17.21 0.01 0.07(17.18-17.25) 190 31
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.24: Complete light curve for J0706+3901.
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Figure A.25: Daily light curve for J0706+3901.
This represents a confirmed detection of microvariability.
Figure A.26: Daily light curve for J0706+3901.
This represents a probable detection of microvariability.
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Figure A.27: Daily light curve for J0706+3901.
This represents a confirmed detection of microvariability.
Figure A.28: Daily light curve for J0706+3901.
This represents a confirmed detection of microvariability.
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Figure A.29: Daily light curve for J0706+3901.
This represents a confirmed detection of microvariability.
Figure A.30: Daily light curve for J0706+3901.
This represents a probable detection of microvariability.
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Figure A.31: Daily light curve for J0706+3901.
This represents a confirmed detection of microvariability.
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A.5 J0723+5054
Figure A.32: Finding chart for J0723+5054
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.9: Comparison stars for the field of J0723+5054
All values are in the Johnson R band.










Table A.10: Optical Data for J0723+5054
Julian Day Source Avg.
Mag.




2456009 42inch 18.48 0.02 0.02(18.47-18.49) 16 3
2456039 72inch 18.47 0.02 0.00(18.47-18.47) 7 3
2456041 72inch 18.44 0.04 0.19(18.34-18.53) 8 3
2456398 42inch 18.44 0.03 0.01(18.43-18.44) 15 3
2456654 72inch 18.45 0.03 0.21(18.33-18.54) 123 32 **
2456655 72inch 18.46 0.02 0.12(18.39-18.51) 141 36
2456659 72inch 18.43 0.02 0.06(18.40-18.46) 105 6
2456660 72inch 18.34 0.04 0.23(18.18-18.41) 88 6
2456661 72inch 18.42 0.02 0.06(18.38-18.44) 141 44
2456662 72inch 18.36 0.03 0.17(18.30-18.47) 160 16
2456663 72inch 18.41 0.02 0.05(18.39-18.44) 197 9
2456711 72inch 18.43 0.02 0.10(18.40-18.50) 155 18
2456720 42inch 18.56 0.02 0.06(18.54-18.60) 192 13
2456721 42inch 18.41 0.02 0.04(18.39-18.43) 109 9
2456722 42inch 18.56 0.02 0.07(18.52-18.59) 175 15
2456723 42inch 18.55 0.02 0.05(18.52-18.57) 196 18
2456724 42inch 18.54 0.02 0.08(18.49-18.57) 187 13
2456745 72inch 18.5 0.02 0.02(18.49-18.51) 4 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.33: Complete light curve for J0723+5054.
Figure A.34: Daily light curve for J0723+5054.
This represents a probable detection of microvariability.
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A.6 J0744+5149
Figure A.35: Finding chart for J0744+5149
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.11: Comparison stars for the field of J0744+5149
All values are in the Johnson R band.










Table A.12: Optical Data for J0744+5149
Julian Day Source Avg.
Mag.




2456009 42inch 17.68 0.03 0.02(17.67-17.69) 17 3
2456039 72inch 17.67 0.03 0.03(17.66-17.69) 5 3
2456042 72inch 17.7 0.03 0.02(17.69-17.71) 7 3
2456398 42inch 17.83 0.02 0.10(17.78-17.88) 14 3
2456654 72inch 17.7 0.03 0.15(17.61-17.76) 118 34
2456655 72inch 17.69 0.03 0.06(17.66-17.72) 127 33
2456656 72inch 17.72 0.03 0.04(17.70-17.74) 181 9
2456658 72inch 17.69 0.03 0.04(17.66-17.70) 80 6
2456660 72inch 17.73 0.05 0.11(17.68-17.79) 105 6
2456661 72inch 17.69 0.03 0.08(17.64-17.72) 160 43
2456662 72inch 17.76 0.02 0.08(17.72-17.80) 154 11
2456663 72inch 17.71 0.03 0.06(17.67-17.73) 197 9
2456711 72inch 17.6 0.03 0.08(17.55-17.63) 149 18
2456720 42inch 17.63 0.02 0.04(17.61-17.65) 191 12
2456721 42inch 17.62 0.02 0.03(17.60-17.63) 204 12
2456722 42inch 17.62 0.02 0.05(17.59-17.64) 174 15
2456723 42inch 17.62 0.03 0.06(17.60-17.66) 194 18
2456724 42inch 17.62 0.03 0.07(17.59-17.66) 190 15
2456745 72inch 17.58 0.02 0.03(17.57-17.60) 4 3
2456749 72inch 17.65 0.01 0.06(17.62-17.68) 144 30
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.36: Complete light curve for J0744+5149.
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A.7 J0804+3853
Figure A.37: Finding chart for J0804+3853
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.13: Comparison stars for the field of J0804+3853
All values are in the Johnson R band.










Table A.14: Optical Data for J0804+3853
Julian Day Source Avg.
Mag.




2455952 72inch 16.39 0.09 0.04(16.37-16.41) 330 15
2455984 42inch 16.5 0.01 0.01(16.49-16.50) 8 3
2455987 42inch 16.48 0.01 0.02(16.47-16.49) 7 3
2455988 42inch 16.48 0.01 0.01(16.48-16.49) 15 5
2456009 42inch 16.5 0.01 0.04(16.48-16.52) 19 4
2456013 42inch 16.51 0.01 0.03(16.50-16.53) 198 15
2456039 72inch 16.5 0.02 0.01(16.49-16.50) 4 3
2456042 72inch 16.53 0.01 0.01(16.52-16.53) 4 3
2456045 31inch 16.53 0.02 0.03(16.52-16.55) 20 4
2456047 31inch 16.54 0.02 0.01(16.53-16.54) 20 4
2456299 72inch 16.6 0.01 0.06(16.58-16.64) 44 13
2456375 31inch 16.56 0.02 0.04(16.54-16.58) 271 14
2456400 42inch 16.55 0.01 0.02(16.54-16.56) 6 3
2456591 72inch 16.72 0.02 0.18(16.64-16.82) 54 30
2456592 72inch 16.71 0.02 0.18(16.64-16.82) 129 65 *
2456605 31inch 16.73 0.02 0.04(16.71-16.75) 182 8
2456606 31inch 16.74 0.02 0.03(16.72-16.75) 222 12
2456625 72inch 16.74 0.03 0.02(16.73-16.75) 3 3
2456654 72inch 16.74 0.02 0.07(16.69-16.76) 176 25
2456656 72inch 16.73 0.01 0.04(16.71-16.75) 160 9
2456658 72inch 16.68 0.03 0.03(16.67-16.70) 181 9
2456659 72inch 16.7 0.02 0.03(16.68-16.71) 158 9
2456660 72inch 16.78 0.08 0.40(16.61-17.01) 255 39
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Table A.14 cont.
2456661 72inch 16.68 0.03 0.05(16.66-16.71) 171 30
2456662 72inch 16.62 0.05 0.10(16.59-16.69) 180 22
2456663 72inch 16.71 0.01 0.02(16.70-16.72) 166 8
2456683 31inch 16.7 0.02 0.03(16.68-16.71) 473 21
2456684 31inch 16.69 0.02 0.03(16.68-16.71) 208 12
2456685 31inch 16.69 0.02 0.04(16.68-16.72) 460 24
2456686 31inch 16.69 0.02 0.03(16.67-16.70) 459 24
2456711 72inch 16.63 0.01 0.01(16.62-16.63) 63 6
2456751 31inch 16.64 0.02 0.03(16.62-16.65) 206 9
2456770 31inch 16.63 0.02 0.02(16.61-16.63) 10 3
2456771 31inch 16.62 0.02 0.03(16.60-16.63) 146 9
2456772 31inch 16.62 0.02 0.02(16.60-16.62) 149 9
2456773 72inch 16.59 0.02 0.04(16.58-16.62) 2 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.38: Complete light curve for J0804+3853.
Figure A.39: Daily light curve for J0804+3853.
This represents a probable detection of microvariability.
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A.8 J0849+5108
Figure A.40: Finding chart for J0849+5108
Field of view is 12.9’x12.9’. North is up, East is to the left.
Warning: object is 12” south of a foreground spiral galaxy.
Table A.15: Comparison stars for the field of J0849+5108
All values are in the Johnson R band.










Table A.16: Optical Data for J0849+5108
Julian Day Source Avg.
Mag.




2456304 31inch 18.09 0.01 0.24(17.97-18.21) 20 3
2456305 31inch 18.16 0.01 0.54(18.03-18.57) 395 19 **
2456310 31inch 17.85 0.01 0.14(17.78-17.92) 405 21 **
2456311 31inch 17.67 0.01 0.35(17.47-17.82) 435 24 **
2456312 31inch 17.75 0.01 0.17(17.67-17.84) 434 24 **
2456336 31inch 18.33 0.01 0.24(18.25-18.49) 20 3
2456337 31inch 18.23 0.01 0.22(18.14-18.36) 483 18 *
2456338 31inch 18.24 0.01 0.21(18.16-18.37) 484 18 **
2456339 31inch 18.20 0.01 0.20(18.11-18.31) 517 20 **
2456340 31inch 18.29 0.01 0.28(18.15-18.43) 363 18 **
2456341 31inch 18.26 0.01 0.27(18.16-18.43) 498 20 **
2456342 31inch 18.33 0.01 0.34(18.20-18.54) 186 12 **
2456362 31inch 17.13 0.01 0.10(17.08-17.18) 20 3
2456365 72inch 17.50 0.02 0.17(17.43-17.60) 231 13 *
2456366 72inch 17.15 0.02 0.19(17.05-17.24) 194 12 **
2456367 42inch 17.00 0.01 0.15(16.94-17.09) 237 10 *
2456369 42inch 17.06 0.01 0.25(16.93-17.18) 302 11 **
2456375 31inch 16.91 0.01 0.58(16.67-17.25) 364 17 **
2456392 72inch 17.06 0.01 0.27(16.91-17.18) 161 32 **
2456394 72inch 16.25 0.01 0.22(16.15-16.37) 158 100 **
2456397 42inch 17.27 0.01 0.11(17.21-17.32) 120 11 **
2456398 42inch 16.72 0.01 0.03(16.70-16.73) 20 3
2456399 42inch 16.44 0.01 0.08(16.40-16.48) 127 9 *
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Table A.16 cont.
2456400 42inch 16.00 0.01 0.23(15.91-16.14) 210 30 **
2456401 42inch 14.62 0.01 0.26(14.46-14.72) 216 96 **
2456426 72inch 15.48 0.02 0.02(15.47-15.49) 4 3
2456427 42inch 16.02 0.01 0.03(16.00-16.03) 13 4
2456429 42inch 15.48 0.01 0.01(15.48-15.49) 9 3
2456430 42inch 15.39 0.01 0.02(15.38-15.40) 11 3
2456654 72inch 16.28 0.03 0.03(16.26-16.29) 2 3
2456711 72inch 17.32 0.02 0.03(17.30-17.33) 6 3
2456772 72inch 17.50 0.03 0.84(17.05-17.89) 21 4
2456773 72inch 17.94 0.01 0.08(17.90-17.98) 10 2
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.41: Complete light curve for J0849+5108.
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Figure A.42: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
Figure A.43: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
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Figure A.44: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
Figure A.45: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
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Figure A.46: Daily light curve for J0849+5108.
This represents a probable detection of microvariability.
Figure A.47: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
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Figure A.48: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
Figure A.49: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
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Figure A.50: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
Figure A.51: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
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Figure A.52: Daily light curve for J0849+5108.
This represents a probable detection of microvariability.
Figure A.53: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
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Figure A.54: Daily light curve for J0849+5108.
This represents a probable detection of microvariability.
Figure A.55: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
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Figure A.56: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
Figure A.57: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
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Figure A.58: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
Figure A.59: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
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Figure A.60: Daily light curve for J0849+5108.
This represents a probable detection of microvariability.
Figure A.61: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
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Figure A.62: Daily light curve for J0849+5108.
This represents a confirmed detection of microvariability.
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A.9 IRAS 09426+1929
Figure A.63: Finding chart for IRAS 09426+1929
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.17: Comparison stars for the field of IRAS 09426+1929
All values are in the Johnson R band.










Table A.18: Optical Data for IRAS 09426+1929
Julian Day Source Avg.
Mag.




2455952 72inch 16.71 0.02 0.01(16.70-16.71) 321 15
2455984 42inch 16.78 0.03 0.01(16.78-16.79) 6 3
2455987 42inch 16.76 0.02 0.02(16.76-16.78) 6 3
2455988 42inch 16.71 0.02 0.05(16.68-16.73) 8 3
2456008 72inch 16.7 0.03 0.01(16.70-16.71) 4 3
2456013 42inch 16.79 0.03 0.07(16.74-16.81) 171 15
2456042 72inch 16.76 0.03 0.01(16.75-16.76) 7 3
2456045 31inch 16.65 0.02 0.03(16.64-16.67) 18 4
2456046 31inch 16.65 0.03 0.04(16.62-16.66) 18 4
2456047 31inch 16.65 0.03 0.06(16.62-16.68) 18 4
2456384 smarts 16.55 0.02 0.00(16.55-16.55) 0 1
2456387 smarts 16.6 0.02 0.00(16.60-16.60) 0 1
2456394 smarts 16.61 0.02 0.00(16.61-16.61) 0 1
2456396 31inch 16.56 0.02 0.06(16.52-16.58) 193 8
2456397 smarts 16.55 0.02 0.00(16.55-16.55) 0 1
2456400 smarts 16.57 0.02 0.00(16.57-16.57) 0 1
2456402 31inch 16.57 0.02 0.04(16.55-16.59) 116 12
2456427 42inch 16.71 0.03 0.04(16.69-16.73) 163 9
2456429 42inch 16.71 0.03 0.03(16.69-16.72) 165 9
2456430 42inch 16.68 0.03 0.09(16.63-16.72) 65 5
2456625 72inch 16.63 0.03 0.01(16.63-16.64) 3 3
2456654 72inch 16.63 0.03 0.08(16.59-16.67) 2 3
2456655 72inch 16.64 0.02 0.04(16.62-16.66) 141 35
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Table A.18 cont.
2456656 72inch 16.63 0.03 0.07(16.57-16.64) 132 9
2456658 72inch 16.64 0.03 0.04(16.62-16.66) 195 9
2456661 72inch 16.64 0.03 0.04(16.61-16.65) 183 45
2456672 smarts 16.71 0.02 0.00(16.71-16.71) 0 1
2456677 smarts 16.74 0.03 0.00(16.74-16.74) 0 1
2456682 smarts 16.71 0.03 0.00(16.71-16.71) 0 1
2456683 31inch 16.61 0.02 0.04(16.59-16.63) 406 24
2456684 31inch 16.61 0.03 0.11(16.55-16.66) 194 11
2456685 31inch 16.6 0.02 0.07(16.56-16.63) 416 22
2456686 31inch 16.61 0.02 0.05(16.59-16.64) 415 24
2456686 smarts 16.56 0.14 0.00(16.56-16.56) 0 1
2456689 smarts 16.73 0.02 0.00(16.73-16.73) 0 1
2456692 smarts 16.77 0.04 0.00(16.77-16.77) 0 1
2456711 72inch 16.66 0.03 0.01(16.66-16.67) 4 3
2456714 72inch 16.67 0.02 0.03(16.65-16.68) 178 18
2456751 31inch 16.64 0.02 0.03(16.62-16.65) 252 12
2456770 31inch 16.61 0.02 0.04(16.58-16.62) 26 6
2456771 31inch 16.62 0.02 0.05(16.60-16.65) 178 12
2456772 31inch 16.62 0.03 0.04(16.60-16.64) 164 9
2456773 31inch 16.63 0.02 0.03(16.61-16.64) 83 6
2456773 72inch 16.68 0.03 0.04(16.66-16.70) 2 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.64: Complete light curve for IRAS 09426+1929.
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A.10 J0948+0022
Figure A.65: Finding chart for J0948+0022
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.19: Comparison stars for the field of J0948+0022
All values are in the Johnson R band.












Table A.20: Optical Data for J0948+0022
Julian Day Source Avg.
Mag.




2455625 72inch 19.12 0.01 0.05(19.09-19.14) 228 21
2455627 72inch 18.8 0.01 0.18(18.69-18.87) 327 27 **
2455647 42inch 18.8 0.01 0.23(18.70-18.93) 280 43 **
2455648 42inch 18.65 0.01 0.47(18.43-18.90) 378 82 **
2455649 42inch 19.01 0.01 0.14(18.95-19.09) 326 85 **
2455650 42inch 18.89 0.01 0.37(18.71-19.08) 386 80 **
2455651 42inch 18.79 0.02 0.49(18.57-19.06) 317 50 **
2455652 42inch 18.28 0.01 0.77(17.92-18.69) 386 73 **
2455674 72inch 19 0.04 0.00(19.00-19.00) 17 3
2455676 72inch 17.95 0.11 0.40(17.73-18.13) 117 15
2455706 72inch 17.93 0.08 0.40(17.69-18.09) 42 12
2455923 31inch 19.32 0.03 0.21(19.22-19.43) 328 35
2455924 31inch 19.19 0.03 0.37(18.97-19.34) 328 35 **
2455925 31inch 18.9 0.03 0.34(18.70-19.04) 230 19 **
2455926 31inch 19.28 0.03 0.20(19.17-19.37) 325 35 *
2455927 31inch 19.25 0.03 0.21(19.19-19.40) 325 35 *
2455949 72inch 19.07 0.03 0.09(19.03-19.12) 83 14
2455951 72inch 18.69 0.02 0.01(18.69-18.70) 14 3
2455952 72inch 18.66 0.02 0.74(18.36-19.10) 322 18 **
2455971 smarts 18.49 0.02 0.00(18.49-18.49) 0 1
2455976 smarts 19.39 0.02 0.00(19.39-19.39) 0 1
2455979 smarts 19.72 0.02 0.00(19.72-19.72) 0 1
2455983 72inch 18.8 0.05 0.02(18.79-18.81) 8 3
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Table A.20 cont.
2455984 42inch 18.88 0.01 0.55(18.60-19.15) 330 70 **
2455987 42inch 19.20 0.01 0.52(18.80-19.32) 283 62 **
2455988 42inch 19.24 0.02 0.30(19.06-19.36) 330 19 *
2455989 42inch 18.25 0.01 0.74(17.80-18.54) 279 30 **
2456001 smarts 18.66 0.02 0.00(18.66-18.66) 0 1
2456006 smarts 19.4 0.01 0.00(19.40-19.40) 0 1
2456007 72inch 19.02 0.01 0.19(18.91-19.10) 8 3
2456008 72inch 19.45 0.02 0.02(19.44-19.46) 8 3
2456009 42inch 19.45 0.01 0.05(19.42-19.47) 22 4
2456010 42inch 19.27 0.01 0.29(19.10-19.39) 314 25 **
2456010 smarts 19.32 0.02 0.00(19.32-19.32) 0 1
2456011 42inch 19.3 0.02 0.22(19.15-19.37) 318 21 *
2456012 42inch 19.25 0.01 0.27(19.06-19.33) 239 15 **
2456013 42inch 19.09 0.01 0.09(19.04-19.13) 215 6
2456014 smarts 19.2 0.07 0.00(19.20-19.20) 0 1
2456018 smarts 18.96 0.02 0.00(18.96-18.96) 0 1
2456023 smarts 19.2 0.02 0.00(19.20-19.20) 0 1
2456029 smarts 19.06 0.01 0.00(19.06-19.06) 0 1
2456034 smarts 18.74 0.01 0.00(18.74-18.74) 0 1
2456038 smarts 19.2 0.03 0.00(19.20-19.20) 0 1
2456042 72inch 19.08 0.01 0.02(19.07-19.09) 11 3
2456042 smarts 20.03 0.01 0.00(20.03-20.03) 0 1
2456045 31inch 19.19 0.03 0.26(19.02-19.28) 51 6
2456046 31inch 19.42 0.03 0.22(19.30-19.52) 167 9 *
2456049 smarts 19.52 0.01 0.00(19.52-19.52) 0 1
2456053 smarts 19.28 0.02 0.00(19.28-19.28) 0 1
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Table A.20 cont.
2456056 smarts 19.25 0.02 0.00(19.25-19.25) 0 1
2456058 smarts 19.09 0.02 0.00(19.09-19.09) 0 1
2456060 72inch 19.06 0.02 0.03(19.04-19.07) 14 3
2456060 smarts 19.05 0.02 0.00(19.05-19.05) 0 1
2456061 smarts 19.06 0.02 0.00(19.06-19.06) 0 1
2456064 42inch 18.98 0.01 0.15(18.88-19.03) 30 4
2456064 smarts 19.89 0.02 0.00(19.89-19.89) 0 1
2456065 42inch 18.52 0.01 1.11(17.87-18.98) 100 6
2456066 42inch 19.09 0.02 0.22(18.98-19.20) 101 6
2456067 42inch 19.14 0.02 0.22(19.02-19.24) 118 6
2456068 42inch 18.91 0.02 0.13(18.84-18.97) 101 6
2456068 smarts 18.95 0.02 0.00(18.95-18.95) 0 1
2456069 42inch 18.79 0.02 0.18(18.71-18.89) 103 6
2456078 smarts 19.04 0.02 0.00(19.04-19.04) 0 1
2456080 smarts 18.44 0.02 0.00(18.44-18.44) 0 1
2456083 smarts 18.79 0.02 0.00(18.79-18.79) 0 1
2456086 smarts 18.58 0.02 0.00(18.58-18.58) 0 1
2456295 smarts 18.19 0.02 0.00(18.19-18.19) 0 1
2456298 72inch 18.57 0.03 0.90(18.06-18.96) 292 46 **
2456299 smarts 18.81 0.02 0.00(18.81-18.81) 0 1
2456302 smarts 19.08 0.02 0.00(19.08-19.08) 0 1
2456305 31inch 18.71 0.03 0.33(18.48-18.81) 325 15 **
2456307 smarts 18.63 0.02 0.00(18.63-18.63) 0 1
2456310 31inch 18.63 0.03 0.31(18.46-18.77) 325 15 *
2456311 31inch 18.37 0.03 0.39(18.19-18.58) 332 12 **
2456312 31inch 18.46 0.03 0.20(18.36-18.56) 332 12 *
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Table A.20 cont.
2456312 smarts 18.46 0.02 0.00(18.46-18.46) 0 1
2456317 smarts 18.09 0.02 0.00(18.09-18.09) 0 1
2456322 smarts 18.54 0.05 0.00(18.54-18.54) 0 1
2456335 smarts 18.79 0.02 0.00(18.79-18.79) 0 1
2456336 31inch 18.84 0.03 0.04(18.83-18.87) 20 3
2456337 31inch 18.62 0.03 0.52(18.26-18.78) 305 12 **
2456338 31inch 17.77 0.03 0.25(17.61-17.86) 306 12 *
2456339 31inch 17.47 0.03 0.31(17.33-17.64) 330 12 **
2456340 31inch 18.51 0.03 0.14(18.42-18.56) 364 11
2456340 smarts 18.52 0.02 0.00(18.52-18.52) 0 1
2456341 31inch 18.19 0.03 0.16(18.10-18.26) 362 12
2456342 31inch 18.13 0.03 0.31(18.00-18.31) 333 12 **
2456356 smarts 18.15 0.02 0.00(18.15-18.15) 0 1
2456360 smarts 17.27 0.02 0.00(17.27-17.27) 0 1
2456362 31inch 18.67 0.03 0.05(18.64-18.69) 20 3
2456363 31inch 18.6 0.03 0.37(18.34-18.71) 334 15 **
2456363 smarts 18.64 0.02 0.00(18.64-18.64) 0 1
2456364 smarts 17.14 0.02 0.00(17.14-17.14) 0 1
2456366 72inch 17.85 0.03 0.11(17.79-17.90) 99 15
2456368 smarts 18.02 0.02 0.00(18.02-18.02) 0 1
2456386 smarts 18.9 0.02 0.00(18.90-18.90) 0 1
2456387 smarts 18.8 0.02 0.00(18.80-18.80) 0 1
2456388 smarts 18.46 0.02 0.00(18.46-18.46) 0 1
2456390 smarts 18.32 0.02 0.00(18.32-18.32) 0 1
2456392 72inch 18.78 0.03 0.01(18.78-18.79) 4 3
2456394 smarts 18.92 0.02 0.00(18.92-18.92) 0 1
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2456395 72inch 18.62 0.02 0.06(18.58-18.64) 18 4
2456396 72inch 18.83 0.02 0.01(18.82-18.83) 6 3
2456397 42inch 18.82 0.02 0.06(18.79-18.85) 6 3
2456397 smarts 18.76 0.03 0.00(18.76-18.76) 0 1
2456400 42inch 18.7 0.01 0.01(18.70-18.71) 7 3
2456400 smarts 18.72 0.02 0.00(18.72-18.72) 0 1
2456401 42inch 18.89 0.01 0.04(18.88-18.92) 8 3
2456427 42inch 18.43 0.01 0.13(18.34-18.47) 15 3
2456429 42inch 18.97 0.01 0.06(18.94-19.00) 15 3
2456605 31inch 18.92 0.03 0.01(18.92-18.93) 8 2
2456606 31inch 18.98 0.03 0.01(18.98-18.99) 8 2
2456625 72inch 19.13 0.02 0.03(19.12-19.15) 4 3
2456654 72inch 19.06 0.03 0.03(19.05-19.08) 3 3
2456711 72inch 19.19 0.01 0.03(19.17-19.20) 13 4
2456721 smarts 18.79 0.02 0.00(18.79-18.79) 0 1
2456724 smarts 18.62 0.02 0.00(18.62-18.62) 0 1
2456727 smarts 19.3 0.04 0.00(19.30-19.30) 0 1
2456731 smarts 18.83 0.05 0.00(18.83-18.83) 0 1
2456734 smarts 18.59 0.02 0.00(18.59-18.59) 0 1
2456737 smarts 19.02 0.02 0.00(19.02-19.02) 0 1
2456741 smarts 18.84 0.02 0.00(18.84-18.84) 0 1
2456744 smarts 18.89 0.02 0.00(18.89-18.89) 0 1
2456747 smarts 18.99 0.01 0.00(18.99-18.99) 0 1
2456749 smarts 19.02 0.02 0.00(19.02-19.02) 0 1
2456752 smarts 19.1 0.02 0.00(19.10-19.10) 0 1
2456755 smarts 19.16 0.01 0.00(19.16-19.16) 0 1
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2456759 smarts 18.94 0.03 0.00(18.94-18.94) 0 1
2456761 smarts 18.04 0.01 0.00(18.04-18.04) 0 1
2456766 smarts 18.72 0.02 0.00(18.72-18.72) 0 1
2456769 smarts 19.26 0.02 0.00(19.26-19.26) 0 1
2456771 smarts 18.61 0.02 0.00(18.61-18.61) 0 1
2456772 72inch 17.25 0.04 0.92(16.70-17.62) 146 105 **
2456773 31inch 18 0.03 0.39(17.81-18.20) 134 9 *
2456773 72inch 17.88 0.02 0.06(17.86-17.92) 2 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.66: Complete light curve for J0948+0022.
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Figure A.67: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.68: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.69: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.70: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.71: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.72: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.73: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.74: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.75: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.76: Daily light curve for J0948+0022.
This represents a probable detection of microvariability.
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Figure A.77: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.78: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
208
Figure A.79: Daily light curve for J0948+0022.
This represents a probable detection of microvariability.
Figure A.80: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.81: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.82: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.83: Daily light curve for J0948+0022.
This represents a probable detection of microvariability.
Figure A.84: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.85: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.86: Daily light curve for J0948+0022.
This represents a probable detection of microvariability.
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Figure A.87: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.88: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.89: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.90: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.91: Daily light curve for J0948+0022.
This represents a probable detection of microvariability.
Figure A.92: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.93: Daily light curve for J0948+0022.
This represents a probable detection of microvariability.
Figure A.94: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.95: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.96: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.97: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.98: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
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Figure A.99: Daily light curve for J0948+0022.
This represents a confirmed detection of microvariability.
Figure A.100: Daily light curve for J0948+0022.
This represents a probable detection of microvariability.
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A.11 J0956+2515
Figure A.101: Finding chart for J0956+2515
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.21: Comparison stars for the field of J0956+2515
All values are in the Johnson R band.










Table A.22: Optical Data for J0956+2515
Julian Day Source Avg.
Mag.




2456363 31inch 15.54 0.02 0.05(15.51-15.56) 468 22
2456365 72inch 15.57 0.02 0.18(15.51-15.69) 405 44 **
2456366 72inch 15.6 0.02 0.14(15.53-15.67) 389 27
2456367 42inch 15.63 0.01 0.06(15.61-15.67) 226 9
2456369 42inch 15.6 0.01 0.05(15.58-15.63) 296 9
2456396 31inch 15.52 0.03 0.13(15.46-15.59) 232 10
2456398 31inch 15.5 0.03 0.05(15.46-15.51) 175 22
2456399 31inch 15.46 0.03 0.13(15.39-15.52) 177 16
2456654 72inch 16.08 0.03 0.02(16.07-16.09) 4 3
2456655 72inch 16.03 0.02 0.04(16.01-16.05) 131 22
2456656 72inch 16.05 0.02 0.06(16.02-16.08) 102 6
2456711 72inch 15.91 0.01 0.01(15.90-15.91) 6 3
2456714 72inch 15.96 0.02 0.05(15.94-15.99) 163 15
2456751 31inch 15.56 0.03 0.09(15.50-15.59) 312 15
2456770 31inch 15.9 0.15 0.09(15.86-15.95) 26 5
2456771 31inch 15.89 0.03 0.06(15.85-15.91) 178 9
2456772 31inch 16.02 0.03 0.08(15.98-16.06) 164 9
2456773 31inch 16.03 0.03 0.05(16.00-16.05) 86 6
2456773 72inch 16.08 0.01 0.02(16.07-16.09) 4 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.102: Complete light curve for J0956+2515.
Figure A.103: Daily light curve for J0956+2515.
This represents a confirmed detection of microvariability.
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A.12 J1038+4227
Figure A.104: Finding chart for J1038+4227
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.23: Comparison stars for the field of J1038+4227
All values are in the Johnson R band.











Table A.24: Optical Data for J1038+4227
Julian Day Source Avg.
Mag.




2455952 72inch 17.29 0.02 0.02(17.28-17.30) 175 9
2455984 42inch 17.25 0.01 0.01(17.24-17.25) 4 3
2455987 42inch 17.24 0.01 0.02(17.23-17.25) 5 3
2455988 42inch 17.24 0.01 0.09(17.20-17.29) 132 36 **
2455989 42inch 17.22 0.01 0.01(17.22-17.23) 7 3
2456042 72inch 17.12 0.01 0.00(17.12-17.12) 8 3
2456045 31inch 17.07 0.04 0.01(17.06-17.07) 20 4
2456046 31inch 17.08 0.04 0.02(17.07-17.09) 20 4
2456047 31inch 17.07 0.04 0.02(17.06-17.08) 20 4
2456447 42inch 17.24 0.01 0.05(17.22-17.27) 124 39
2456450 42inch 17.23 0.01 0.05(17.20-17.25) 130 8
2456451 42inch 17.23 0.01 0.04(17.21-17.25) 135 9
2456656 72inch 17.14 0.04 0.04(17.12-17.16) 121 9
2456711 72inch 17.14 0.02 0.05(17.11-17.16) 371 12
2456715 72inch 17.16 0.03 0.08(17.12-17.20) 286 15
2456716 72inch 17.15 0.02 0.06(17.13-17.19) 282 18
2456721 42inch 17.19 0.01 0.04(17.16-17.20) 195 15
2456722 42inch 17.19 0.01 0.03(17.18-17.21) 143 15
2456773 72inch 17.21 0.03 0.04(17.19-17.23) 4 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.105: Complete light curve for J1038+4227.
Figure A.106: Daily light curve for J1038+4227.
This represents a confirmed detection of microvariability.
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A.13 J1047+4725
Figure A.107: Finding chart for J1047+4725
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.25: Comparison stars for the field of J1047+4725
All values are in the Johnson R band.










Table A.26: Optical Data for J1047+4725
Julian Day Source Avg.
Mag.




2456060 72inch 18.92 0.02 0.02(18.91-18.93) 25 4
2456064 42inch 18.94 0.02 0.09(18.89-18.98) 159 16
2456065 42inch 18.98 0.02 0.10(18.91-19.01) 146 8
2456066 42inch 18.94 0.02 0.11(18.90-19.01) 147 8
2456067 42inch 18.95 0.02 0.10(18.89-18.99) 159 10
2456068 42inch 18.91 0.08 0.13(18.87-19.00) 162 12
2456069 42inch 18.97 0.02 0.13(18.92-19.05) 102 6
2456305 31inch 18.92 0.03 0.15(18.84-18.99) 347 12
2456310 31inch 18.9 0.03 0.13(18.83-18.96) 369 12
2456311 31inch 18.9 0.03 0.13(18.83-18.96) 379 12
2456312 31inch 18.88 0.03 0.10(18.82-18.92) 379 12
2456711 72inch 18.89 0.02 0.05(18.86-18.91) 10 3
2456715 72inch 18.89 0.03 0.08(18.84-18.92) 248 15
2456721 42inch 18.96 0.02 0.09(18.93-19.02) 201 12
2456773 72inch 18.91 0.03 0.03(18.89-18.92) 6 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.108: Complete light curve for J1047+4725.
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A.14 J1102+2239
Figure A.109: Finding chart for J1102+2239
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.27: Comparison stars for the field of J1102+2239
All values are in the Johnson R band.










Table A.28: Optical Data for J1102+2239
Julian Day Source Avg.
Mag.




2456007 72inch 19.07 0.02 0.02(19.06-19.08) 12 3
2456008 72inch 19.08 0.02 0.01(19.08-19.09) 12 3
2456009 42inch 19.17 0.01 0.04(19.16-19.20) 21 3
2456010 42inch 19.19 0.01 0.06(19.16-19.22) 246 15
2456011 42inch 19.17 0.02 0.25(18.98-19.23) 300 18 *
2456012 42inch 19.21 0.02 0.07(19.17-19.24) 244 14
2456013 42inch 19.21 0.01 0.05(19.18-19.23) 179 6
2456042 72inch 19.21 0.02 0.02(19.20-19.22) 21 3
2456061 72inch 19.07 0.02 0.02(19.06-19.08) 20 3
2456389 smarts 18.97 0.04 0.00(18.97-18.97) 0 1
2456393 smarts 19.13 0.06 0.00(19.13-19.13) 0 1
2456396 smarts 19.02 0.03 0.00(19.02-19.02) 0 1
2456399 smarts 19.02 0.04 0.00(19.02-19.02) 0 1
2456402 smarts 19.07 0.03 0.00(19.07-19.07) 0 1
2456410 smarts 18.93 0.04 0.00(18.93-18.93) 0 1
2456449 42inch 18.98 0.01 0.05(18.95-19.00) 131 8
2456450 42inch 18.98 0.01 0.05(18.95-19.00) 133 6
2456451 42inch 18.98 0.02 0.07(18.95-19.02) 129 5
2456711 72inch 18.86 0.02 0.04(18.84-18.88) 166 9
2456716 72inch 18.87 0.02 0.09(18.83-18.92) 286 18
2456721 42inch 18.94 0.01 0.05(18.91-18.96) 121 6
2456722 42inch 18.95 0.01 0.05(18.92-18.97) 152 14
2456723 42inch 18.95 0.01 0.03(18.93-18.96) 110 6
230
Table A.28 cont.
2456724 42inch 18.94 0.01 0.08(18.89-18.97) 163 8 **
2456725 42inch 18.96 0.01 0.04(18.94-18.98) 218 9
2456773 72inch 18.85 0.03 0.03(18.84-18.87) 6 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.110: Complete light curve for 1102+2239.
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Figure A.111: Daily light curve for 1102+2239.
This represents a probable detection of microvariability.
Figure A.112: Daily light curve for 1102+2239.
This represents a confirmed detection of microvariability.
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A.15 J1140+4622
Figure A.113: Finding chart for J1140+4622
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.29: Comparison stars for the field of J1102+2239
All values are in the Johnson R band.










Table A.30: Optical Data for J1140+4622
Julian Day Source Avg.
Mag.




2455987 42inch 16.2 0.01 0.01(16.20-16.21) 10 3
2456008 72inch 16.1 0.03 0.00(16.10-16.10) 4 3
2456009 42inch 16.22 0.01 0.01(16.22-16.23) 9 3
2456042 72inch 16.24 0.03 0.04(16.22-16.26) 61 30
2456045 31inch 16.07 0.04 0.00(16.07-16.07) 14 3
2456046 31inch 16.08 0.05 0.02(16.07-16.09) 14 3
2456047 31inch 16.1 0.04 0.00(16.10-16.10) 14 3
2456394 42inch 16.28 0.02 0.00(16.28-16.28) 15 3
2456395 42inch 16.27 0.02 0.01(16.26-16.27) 15 3
2456396 42inch 16.28 0.02 0.02(16.27-16.29) 15 3
2456397 42inch 16.26 0.03 0.13(16.20-16.33) 206 58
2456424 72inch 16.15 0.01 0.01(16.15-16.16) 11 4
2456427 42inch 16.3 0.01 0.06(16.27-16.33) 161 9
2456429 42inch 16.32 0.01 0.02(16.31-16.33) 185 9
2456430 42inch 16.34 0.01 0.04(16.31-16.35) 155 9
2456449 42inch 16.36 0.01 0.01(16.35-16.36) 116 8
2456450 42inch 16.35 0.01 0.05(16.32-16.37) 129 8
2456451 42inch 16.33 0.01 0.09(16.26-16.35) 135 9 *
2456683 31inch 16.22 0.03 0.03(16.21-16.24) 415 30
2456684 31inch 16.21 0.04 0.03(16.20-16.23) 79 6
2456685 31inch 16.22 0.03 0.07(16.17-16.24) 409 25
2456686 31inch 16.22 0.04 0.06(16.21-16.27) 425 33
2456711 72inch 16.23 0.01 0.02(16.22-16.24) 166 9
234
Table A.30 cont.
2456721 42inch 16.4 0.01 0.03(16.38-16.41) 128 9
2456722 42inch 16.42 0.01 0.05(16.39-16.44) 159 12
2456723 42inch 16.39 0.02 0.07(16.34-16.41) 107 7
2456724 42inch 16.39 0.01 0.04(16.37-16.41) 158 8
2456725 42inch 16.39 0.01 0.06(16.37-16.43) 210 10
2456773 72inch 16.2 0.03 0.01(16.20-16.21) 3 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.114: Complete light curve for J1140+4622.
235
Figure A.115: Daily light curve for J1140+4622.
This represents a probable detection of microvariability.
236
A.16 J1146+3236
Figure A.116: Finding chart for J1146+3236
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.31: Comparison stars for the field of J1146+3236
All values are in the Johnson R band.










Table A.32: Optical Data for J1146+3236
Julian Day Source Avg.
Mag.




2456009 42inch 18.59 0.02 0.02(18.58-18.60) 21 3
2456041 72inch 18.62 0.02 0.02(18.62-18.64) 11 3
2456042 72inch 18.64 0.02 0.02(18.63-18.65) 11 3
2456062 72inch 18.55 0.03 0.04(18.53-18.57) 83 9
2456449 42inch 18.64 0.02 0.03(18.62-18.65) 120 6
2456450 42inch 18.62 0.02 0.03(18.61-18.64) 135 6
2456451 42inch 18.61 0.02 0.07(18.57-18.64) 141 6
2456456 72inch 18.56 0.02 0.03(18.55-18.58) 7 3
2456658 72inch 18.52 0.02 0.05(18.49-18.54) 3 3
2456711 72inch 18.55 0.02 0.05(18.52-18.57) 156 9
2456721 42inch 18.62 0.02 0.05(18.59-18.64) 130 6
2456722 42inch 18.62 0.02 0.06(18.59-18.65) 162 7
2456723 42inch 18.6 0.01 0.05(18.57-18.62) 48 3
2456724 42inch 18.6 0.02 0.04(18.58-18.62) 165 8
2456725 42inch 18.61 0.02 0.04(18.59-18.63) 217 10
2456773 72inch 18.46 0.02 0.04(18.44-18.48) 6 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
238
Figure A.117: Complete light curve for J1146+3236.
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A.17 J1227+3214
Figure A.118: Finding chart for J1227+3214
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.33: Comparison stars for the field of J1227+3214
All values are in the Johnson R band.










Table A.34: Optical Data for J1227+3214
Julian Day Source Avg.
Mag.




2456009 42inch 16.91 0.01 0.03(16.90-16.93) 21 4
2456042 72inch 16.94 0.02 0.00(16.94-16.94) 11 3
2456305 31inch 16.9 0.01 0.06(16.88-16.94) 290 12
2456310 31inch 16.91 0.02 0.05(16.89-16.94) 314 12
2456311 31inch 16.91 0.02 0.05(16.88-16.93) 324 12
2456312 31inch 16.91 0.02 0.03(16.90-16.93) 324 12
2456337 31inch 16.91 0.01 0.03(16.90-16.93) 347 9
2456338 31inch 16.92 0.01 0.03(16.91-16.94) 347 9
2456339 31inch 16.92 0.02 0.07(16.89-16.96) 451 14
2456340 31inch 16.93 0.01 0.02(16.92-16.94) 467 13
2456341 31inch 16.93 0.02 0.04(16.90-16.94) 467 13
2456342 31inch 16.91 0.02 0.21(16.75-16.96) 497 16 **
2456773 72inch 16.85 0.01 0.08(16.82-16.90) 6 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
241
Figure A.119: Complete light curve for J1227+3214.
Figure A.120: Daily light curve for J1227+3214.
This represents a confirmed detection of microvariability.
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A.18 J1246+0238
Figure A.121: Finding chart for J1246+0238
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.35: Comparison stars for the field of J1246+0238
All values are in the Johnson R band.










Table A.36: Optical Data for J1246+0238
Julian Day Source Avg.
Mag.




2456365 72inch 16.79 0.02 0.05(16.77-16.82) 354 21
2456366 72inch 16.78 0.02 0.15(16.68-16.83) 413 27 **
2456367 42inch 17.1 0.01 0.04(17.09-17.13) 199 7
2456369 42inch 17 0.01 0.09(16.95-17.04) 292 12 *
2456397 42inch 16.99 0.01 0.28(16.88-17.16) 241 43 **
2456399 42inch 17.04 0.01 0.24(16.94-17.18) 84 18
2456420 smarts 16.74 0.02 0.00(16.74-16.74) 0 1
2456427 31inch 16.83 0.02 0.07(16.81-16.88) 158 16
2456427 smarts 16.78 0.02 0.00(16.78-16.78) 0 1
2456428 31inch 16.83 0.02 0.06(16.81-16.87) 221 22
2456436 smarts 16.8 0.01 0.00(16.80-16.80) 0 1
2456457 72inch 16.82 0.01 0.05(16.80-16.85) 30 10
2456694 smarts 17.13 0.02 0.00(17.13-17.13) 0 1
2456700 smarts 17.13 0.02 0.00(17.13-17.13) 0 1
2456703 smarts 17.17 0.02 0.00(17.17-17.17) 0 1
2456708 smarts 17.15 0.02 0.00(17.15-17.15) 0 1
2456714 smarts 17.14 0.02 0.00(17.14-17.14) 0 1
2456717 smarts 17.13 0.02 0.00(17.13-17.13) 0 1
2456720 smarts 17.14 0.01 0.00(17.14-17.14) 0 1
2456722 42inch 17.14 0.01 0.16(17.08-17.24) 16 3
2456724 42inch 17.04 0.01 0.09(16.99-17.08) 192 11 *
2456748 72inch 16.77 0.03 0.07(16.73-16.80) 226 11
2456751 31inch 16.84 0.02 0.22(16.77-16.99) 288 10 **
244
Table A.36 cont.
2456751 72inch 16.78 0.02 0.05(16.75-16.80) 143 12
2456770 31inch 16.84 0.02 0.07(16.81-16.88) 88 4
2456771 31inch 16.85 0.02 0.16(16.79-16.95) 280 10 **
2456772 31inch 16.87 0.02 0.14(16.80-16.94) 283 9 *
2456773 31inch 16.81 0.02 0.06(16.78-16.84) 5 2
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.122: Complete light curve for J1246+0238.
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Figure A.123: Daily light curve for J1246+0238.
This represents a confirmed detection of microvariability.
Figure A.124: Daily light curve for J1246+0238.
This represents a confirmed detection of microvariability.
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Figure A.125: Daily light curve for J1246+0238.
This represents a confirmed detection of microvariability.
Figure A.126: Daily light curve for J1246+0238.
This represents a probable detection of microvariability.
247
Figure A.127: Daily light curve for J1246+0238.
This represents a confirmed detection of microvariability.
Figure A.128: Daily light curve for J1246+0238.
This represents a confirmed detection of microvariability.
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Figure A.129: Daily light curve for J1246+0238.
This represents a probable detection of microvariability.
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A.19 J1333+4141
Figure A.130: Finding chart for J1333+4141
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.37: Comparison stars for the field of J1333+4141
All values are in the Johnson R band.









Table A.38: Optical Data for J1333+4141
Julian Day Source Avg.
Mag.




2455984 42inch 18.52 0.01 0.04(18.50-18.54) 39 13
2455987 42inch 18.56 0.02 0.03(18.54-18.57) 6 3
2455988 42inch 18.53 0.01 0.03(18.51-18.54) 15 5
2455989 42inch 18.51 0.01 0.02(18.50-18.52) 7 3
2456011 42inch 18.56 0.04 0.17(18.46-18.63) 176 15
2456013 42inch 18.6 0.02 0.03(18.58-18.61) 115 12
2456042 72inch 18.47 0.03 0.00(18.47-18.47) 11 3
2456045 31inch 18.38 0.04 0.04(18.36-18.40) 20 3
2456046 31inch 18.37 0.04 0.01(18.37-18.38) 20 3
2456047 31inch 18.39 0.03 0.01(18.38-18.39) 20 3
2456456 72inch 18.65 0.03 0.02(18.64-18.66) 11 3
2456475 72inch 18.69 0.02 0.04(18.67-18.71) 65 6
2456722 42inch 18.76 0.01 0.04(18.74-18.78) 11 2
2456724 42inch 18.68 0.02 0.03(18.67-18.70) 180 9
2456747 72inch 18.68 0.02 0.05(18.66-18.71) 134 46
2456748 72inch 18.62 0.03 0.04(18.60-18.64) 225 11
2456749 72inch 18.64 0.02 0.08(18.61-18.69) 120 33
2456751 72inch 18.62 0.03 0.10(18.55-18.65) 141 50
2456753 72inch 18.62 0.02 0.06(18.58-18.64) 190 28
2456770 72inch 18.57 0.03 0.03(18.55-18.58) 146 18
2456771 72inch 18.61 0.02 0.03(18.59-18.62) 146 15
2456772 72inch 18.7 0.01 0.13(18.66-18.79) 178 21 **
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Figure A.131: Complete light curve for J1333+4141.
Figure A.132: Daily light curve for J1333+4141.
This represents a confirmed detection of microvariability.
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A.20 J1358+2658
Figure A.133: Finding chart for J1358+2658
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.39: Comparison stars for the field of J1358+2658
All values are in the Johnson R band.










Table A.40: Optical Data for J1358+2658
Julian Day Source Avg.
Mag.




2456009 42inch 17.76 0.02 0.03(17.74-17.77) 20 3
2456042 72inch 17.77 0.03 0.02(17.76-17.78) 11 3
2456399 42inch 17.71 0.01 0.02(17.70-17.72) 20 3
2456418 smarts 17.75 0.06 0.00(17.75-17.75) 0 1
2456423 72inch 17.69 0.03 0.03(17.67-17.70) 199 9
2456426 smarts 17.58 0.04 0.00(17.58-17.58) 0 1
2456427 42inch 17.67 0.03 0.04(17.65-17.69) 191 6
2456428 42inch 17.69 0.03 0.06(17.66-17.72) 236 12
2456429 42inch 17.69 0.02 0.09(17.64-17.73) 267 9
2456429 smarts 17.62 0.03 0.00(17.62-17.62) 0 1
2456430 42inch 17.66 0.03 0.05(17.63-17.68) 191 9
2456434 smarts 17.72 0.05 0.00(17.72-17.72) 0 1
2456437 smarts 17.49 0.02 0.00(17.49-17.49) 0 1
2456453 31inch 17.68 0.02 0.03(17.67-17.70) 172 10
2456454 31inch 17.68 0.02 0.07(17.64-17.71) 172 10
2456455 31inch 17.68 0.03 0.12(17.62-17.74) 10 2
2456456 31inch 17.69 0.02 0.13(17.65-17.78) 172 10 **
2456456 72inch 17.71 0.02 0.03(17.69-17.72) 11 3
2456457 31inch 17.67 0.02 0.06(17.65-17.71) 173 10
2456458 31inch 17.68 0.02 0.08(17.65-17.73) 173 10
2456459 31inch 17.69 0.02 0.11(17.62-17.73) 173 10
2456475 72inch 17.65 0.04 0.13(17.58-17.71) 63 6
2456475 smarts 17.75 0.04 0.00(17.75-17.75) 0 1
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Table A.40 cont.
2456477 smarts 17.68 0.01 0.00(17.75-17.75) 0 1 **
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.134: Complete light curve for J1358+2658.
255
Figure A.135: Daily light curve for J1358+2658.
This represents a confirmed detection of microvariability.
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A.21 J1405+2657
Figure A.136: Finding chart for J1405+2657
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.41: Comparison stars for the field of J1405+2657
All values are in the Johnson R band.










Table A.42: Optical Data for J1405+2657
Julian Day Source Avg.
Mag.




2455984 42inch 17.03 0.02 0.03(17.02-17.05) 63 15
2456008 72inch 17.03 0.04 0.01(17.03-17.04) 6 3
2456009 42inch 17.05 0.03 0.05(17.03-17.08) 16 4
2456042 72inch 16.99 0.03 0.02(16.98-17.00) 10 3
2456045 31inch 16.98 0.03 0.10(16.94-17.04) 20 3
2456046 31inch 16.98 0.03 0.04(16.97-17.01) 20 3
2456047 31inch 16.97 0.02 0.01(16.97-16.98) 20 3
2456398 42inch 17.11 0.02 0.08(17.08-17.16) 189 51
2456418 smarts 17.1 0.02 0.00(17.10-17.10) 0 1
2456420 smarts 17.14 0.03 0.00(17.14-17.14) 0 1
2456423 72inch 17.13 0.02 0.07(17.10-17.17) 196 11
2456426 smarts 17.12 0.03 0.00(17.12-17.12) 0 1
2456427 42inch 17.15 0.03 0.09(17.10-17.19) 189 6
2456428 42inch 17.12 0.02 0.03(17.11-17.14) 217 11
2456429 42inch 17.12 0.03 0.04(17.10-17.14) 265 9
2456430 42inch 17.13 0.03 0.02(17.12-17.14) 188 9
2456434 smarts 17.19 0.07 0.00(17.19-17.19) 0 1
2456437 smarts 17.14 0.02 0.00(17.14-17.14) 0 1
2456446 smarts 17.15 0.02 0.00(17.15-17.15) 0 1
2456451 42inch 17.15 0.02 0.04(17.13-17.17) 126 11
2456451 smarts 17.13 0.02 0.00(17.13-17.13) 0 1
2456453 31inch 17.09 0.02 0.05(17.06-17.11) 172 8
2456454 31inch 17.09 0.02 0.03(17.08-17.11) 172 8
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Table A.42 cont.
2456455 smarts 17.16 0.02 0.00(17.16-17.16) 0 1
2456456 31inch 17.1 0.02 0.04(17.07-17.11) 172 8
2456456 72inch 17.12 0.02 0.01(17.11-17.12) 11 3
2456457 31inch 17.1 0.02 0.03(17.08-17.11) 173 8
2456458 31inch 17.1 0.02 0.01(17.09-17.10) 173 8
2456458 smarts 17.16 0.02 0.00(17.16-17.16) 0 1
2456459 31inch 17.1 0.02 0.02(17.09-17.11) 173 8
2456463 smarts 17.15 0.02 0.00(17.15-17.15) 0 1
2456467 smarts 17.16 0.01 0.00(17.16-17.16) 0 1
2456468 smarts 17.19 0.04 0.00(17.19-17.19) 0 1
2456472 smarts 17.11 0.01 0.00(17.11-17.11) 0 1
2456475 72inch 17.06 0.03 0.07(17.02-17.09) 58 5
2456475 smarts 17.14 0.02 0.00(17.14-17.14) 0 1
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.137: Complete light curve for J1405+2657.
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A.22 J1421+2824
Figure A.138: Finding chart for J1421+2824
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.43: Comparison stars for the field of J1421+2824
All values are in the Johnson R band.









Star #6 removed due to unacceptably high uncertainty
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Table A.44: Optical Data for J1421+2824
Julian Day Source Avg.
Mag.




2456009 42inch 18.98 0.03 0.02(18.97-18.99) 21 4
2456042 72inch 18.99 0.01 0.01(18.98-18.99) 13 3
2456396 72inch 18.96 0.01 0.04(18.94-18.98) 130 80
2456401 42inch 18.98 0.01 0.04(18.96-19.00) 152 30
2456420 smarts 18.95 0.03 0.00(18.95-18.95) 0 1
2456423 72inch 18.99 0.02 0.07(18.97-19.04) 193 8
2456424 smarts 18.94 0.03 0.00(18.94-18.94) 0 1
2456427 42inch 19.01 0.02 0.02(19.00-19.02) 147 4
2456428 42inch 18.98 0.01 0.03(18.97-19.00) 209 8
2456428 smarts 18.99 0.03 0.00(18.99-18.99) 0 1
2456429 42inch 18.99 0.01 0.04(18.97-19.01) 251 7
2456430 42inch 18.98 0.01 0.06(18.94-19.00) 193 6
2456433 smarts 18.87 0.04 0.00(18.87-18.87) 0 1
2456436 smarts 18.92 0 0.00(18.92-18.92) 0 1
2456446 smarts 18.91 0 0.00(18.91-18.91) 0 1
2456447 42inch 18.97 0.02 0.06(18.94-19.00) 145 9
2456449 42inch 18.97 0.02 0.04(18.95-18.99) 168 9
2456450 42inch 18.98 0.01 0.07(18.94-19.01) 166 8
2456450 smarts 18.88 0.01 0.00(18.88-18.88) 0 1
2456454 smarts 18.94 0.01 0.00(18.94-18.94) 0 1
2456457 smarts 18.93 0.01 0.00(18.93-18.93) 0 1
2456460 smarts 18.88 0.01 0.00(18.88-18.88) 0 1
2456469 smarts 18.99 0.02 0.00(18.99-18.99) 0 1
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Table A.44 cont.
2456473 smarts 18.89 0.03 0.00(18.89-18.89) 0 1
2456476 smarts 18.84 0.02 0.00(18.84-18.84) 0 1
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.139: Complete light curve for J1421+2824.
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A.23 J1435+3132
Figure A.140: Finding chart for J1435+3132
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.45: Comparison stars for the field of J1435+3132
All values are in the Johnson R band.










Table A.46: Optical Data for J1435+3132
Julian Day Source Avg.
Mag.




2456010 42inch 18.8 0.01 0.03(18.79-18.82) 21 3
2456395 72inch 18.86 0.01 0.10(18.80-18.90) 123 40 *
2456400 42inch 18.89 0.01 0.11(18.85-18.96) 153 22 **
2456423 72inch 18.82 0.02 0.08(18.79-18.87) 191 9
2456427 42inch 18.83 0.01 0.03(18.82-18.85) 10 2
2456447 42inch 18.82 0.01 0.05(18.79-18.84) 140 6
2456449 42inch 18.84 0.02 0.03(18.83-18.86) 167 6
2456450 42inch 18.83 0.01 0.03(18.81-18.84) 165 6
2456451 42inch 18.83 0.01 0.06(18.80-18.86) 151 5
2456457 72inch 18.79 0.01 0.05(18.76-18.81) 48 15
2456477 72inch 18.78 0.01 0.08(18.74-18.82) 137 8 *
2456747 72inch 18.55 0.01 0.05(18.53-18.58) 189 18
2456771 72inch 18.92 0.01 0.11(18.88-18.99) 146 15 **
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.141: Complete light curve for J1435+3132.
Figure A.142: Daily light curve for J1435+3132.
This represents a probable detection of microvariability.
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Figure A.143: Daily light curve for J1435+3132.
This represents a confirmed detection of microvariability.
Figure A.144: Daily light curve for J1435+3132.
This represents a probable detection of microvariability.
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Figure A.145: Daily light curve for J1435+3132.
This represents a confirmed detection of microvariability.
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A.24 J1443+4725
Figure A.146: Finding chart for J1443+4725
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.47: Comparison stars for the field of J1443+4725
All values are in the Johnson R band.










Table A.48: Optical Data for J1443+4725
Julian Day Source Avg.
Mag.




2456010 42inch 18.14 0.01 0.01(18.14-18.15) 21 3
2456042 72inch 18.11 0.04 0.00(18.11-18.11) 7 3
2456061 72inch 18.12 0.02 0.00(18.12-18.12) 21 3
2456062 72inch 18.09 0.02 0.04(18.07-18.11) 113 12
2456065 42inch 18.13 0.01 0.02(18.12-18.14) 11 2
2456066 42inch 18.14 0.02 0.09(18.09-18.18) 291 14
2456069 42inch 18.15 0.01 0.05(18.13-18.18) 190 10
2456365 72inch 18.06 0.02 0.05(18.03-18.08) 231 16
2456366 72inch 18.03 0.04 0.22(17.94-18.16) 188 15
2456367 42inch 18.1 0.02 0.02(18.09-18.11) 204 7
2456369 42inch 18.08 0.03 0.08(18.03-18.11) 86 6
2456447 42inch 18.13 0.01 0.07(18.10-18.17) 136 6
2456449 42inch 18.1 0.01 0.03(18.09-18.12) 165 6
2456450 42inch 18.1 0.01 0.03(18.08-18.11) 161 6
2456451 42inch 18.1 0.02 0.04(18.09-18.13) 148 5
2456772 72inch 18.12 0.04 0.15(18.05-18.20) 177 21
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.147: Complete light curve for J1443+4725.
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A.25 PKS 1502+036
Figure A.148: Finding chart for PKS 1502+036
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.49: Comparison stars for the field of PKS 1502+036
All values are in the Johnson R band.










Table A.50: Optical Data for PKS 1502+036
Julian Day Source Avg.
Mag.




2455625 72inch 18.14 0.02 0.09(18.11-18.20) 96 11
2455984 42inch 18.13 0.01 0.01(18.13-18.14) 13 3
2455987 42inch 18.24 0.01 0.17(18.17-18.34) 152 10 **
2455988 42inch 18.16 0.01 0.13(18.10-18.23) 53 10
2455989 42inch 18.21 0.01 0.14(18.14-18.28) 23 5
2456010 42inch 18.17 0.01 0.02(18.16-18.18) 17 3
2456060 72inch 18.09 0.01 0.03(18.08-18.11) 16 3
2456062 72inch 18.1 0.03 0.04(18.09-18.13) 133 17
2456066 42inch 17.86 0.02 0.23(17.71-17.94) 227 11 **
2456069 42inch 18.18 0.01 0.07(18.14-18.21) 144 8 *
2456396 31inch 18.18 0.02 0.10(18.13-18.23) 280 9
2456421 72inch 18.04 0.03 0.19(17.90-18.09) 191 15
2456427 42inch 18.21 0.01 0.04(18.19-18.23) 170 8
2456429 42inch 18.24 0.01 0.07(18.20-18.27) 246 7 *
2456456 72inch 18.23 0.01 0.01(18.23-18.24) 7 3
2456475 smarts 18.22 0.02 0.00(18.22-18.22) 0 1
2456477 72inch 18.22 0.01 0.08(18.18-18.26) 131 9
2456481 smarts 18.06 0.02 0.00(18.06-18.06) 0 1
2456487 smarts 17.91 0.01 0.00(17.91-17.91) 0 1
2456490 smarts 18.02 0.02 0.00(18.02-18.02) 0 1
2456496 smarts 18.38 0.02 0.00(18.38-18.38) 0 1
2456501 smarts 18.18 0.02 0.00(18.18-18.18) 0 1
2456770 72inch 17.95 0.03 0.12(17.89-18.01) 140 18
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Figure A.149: Complete light curve for PKS 1502+036.
Figure A.150: Daily light curve for PKS 1502+036.
This represents a confirmed detection of microvariability.
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Figure A.151: Daily light curve for PKS 1502+036.
This represents a confirmed detection of microvariability.
Figure A.152: Daily light curve for PKS 1502+036.
This represents a probable detection of microvariability.
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Figure A.153: Daily light curve for PKS 1502+036.
This represents a probable detection of microvariability.
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A.26 RX 16290+4007
Figure A.154: Finding chart for RX 16290+4007
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.51: Comparison stars for the field of RX 16290+4007
All values are in the Johnson R band.










Table A.52: Optical Data for RX1629+4007
Julian Day Source Avg.
Mag.




2455625 72inch 18.14 0.02 0.09(18.11-18.20) 96 11
2455984 42inch 18.13 0.01 0.01(18.13-18.14) 13 3
2455987 42inch 18.24 0.01 0.17(18.17-18.34) 152 10 **
2455988 42inch 18.16 0.01 0.13(18.10-18.23) 53 10
2455989 42inch 18.21 0.01 0.14(18.14-18.28) 23 5
2456010 42inch 18.17 0.01 0.02(18.16-18.18) 17 3
2456060 72inch 18.09 0.01 0.03(18.08-18.11) 16 3
2456062 72inch 18.1 0.03 0.04(18.09-18.13) 133 17
2456066 42inch 17.86 0.02 0.23(17.71-17.94) 227 11 **
2456069 42inch 18.18 0.01 0.07(18.14-18.21) 144 8 *
2456396 31inch 18.18 0.02 0.10(18.13-18.23) 280 9
2456421 72inch 18.04 0.03 0.19(17.90-18.09) 191 15
2456427 42inch 18.21 0.01 0.04(18.19-18.23) 170 8
2456429 42inch 18.24 0.01 0.07(18.20-18.27) 246 7 *
2456456 72inch 18.23 0.01 0.01(18.23-18.24) 7 3
2456475 smarts 18.22 0.02 0.00(18.22-18.22) 0 1
2456477 72inch 18.22 0.01 0.08(18.18-18.26) 131 9
2456481 smarts 18.06 0.02 0.00(18.06-18.06) 0 1
2456487 smarts 17.91 0.01 0.00(17.91-17.91) 0 1
2456490 smarts 18.02 0.02 0.00(18.02-18.02) 0 1
2456496 smarts 18.38 0.02 0.00(18.38-18.38) 0 1
2456501 smarts 18.18 0.02 0.00(18.18-18.18) 0 1
2456770 72inch 17.95 0.03 0.12(17.89-18.01) 140 18
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Figure A.155: Complete light curve for RX1629+4007.
Figure A.156: Daily light curve for RX1629+4007.
This represents a confirmed detection of microvariability.
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Figure A.157: Daily light curve for RX1629+4007.
This represents a probable detection of microvariability.
Figure A.158: Daily light curve for RX1629+4007.
This represents a confirmed detection of microvariability.
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Figure A.159: Daily light curve for RX1629+4007.
This represents a confirmed detection of microvariability.
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A.27 J1633+4718
Figure A.160: Finding chart for J1633+4718
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.53: Comparison stars for the field of J1633+4718
All values are in the Johnson R band.










Table A.54: Optical Data for J1633+4718
Julian Day Source Avg.
Mag.




2455988 42inch 17.39 0.02 0.07(17.36-17.43) 8 3
2455988 42inch 17.45 0.01 0.10(17.38-17.48) 8 3
2455989 42inch 17.46 0.02 0.07(17.42-17.49) 7 3
2456009 42inch 17.54 0.01 0.01(17.53-17.54) 17 3
2456010 42inch 17.24 0.01 0.03(17.23-17.26) 82 16
2456011 42inch 17.53 0.02 0.15(17.43-17.58) 218 15 *
2456042 72inch 17.54 0.01 0.03(17.52-17.55) 4 3
2456061 72inch 17.24 0.01 0.03(17.23-17.26) 10 3
2456067 42inch 17.56 0.02 0.03(17.55-17.58) 234 14
2456068 42inch 17.54 0.02 0.14(17.48-17.62) 232 15 *
2456095 31inch 17.27 0.07 0.03(17.26-17.29) 379 10
2456096 31inch 17.26 0.06 0.07(17.21-17.28) 403 8
2456097 31inch 17.26 0.07 0.10(17.18-17.28) 394 9
2456098 31inch 17.26 0.06 0.07(17.22-17.29) 403 10
2456099 31inch 17.27 0.06 0.08(17.23-17.31) 403 10
2456100 31inch 17.26 0.07 0.10(17.19-17.29) 326 8
2456101 31inch 17.28 0.07 0.05(17.26-17.31) 405 8
2456102 31inch 17.28 0.06 0.06(17.26-17.32) 405 9
2456103 31inch 17.28 0.06 0.07(17.25-17.32) 407 7
2456191 42inch 17.53 0.01 0.03(17.52-17.55) 42 4
2456337 31inch 17.27 0.02 0.04(17.25-17.29) 152 6
2456338 31inch 17.25 0.03 0.04(17.23-17.27) 152 6
2456339 31inch 17.25 0.02 0.02(17.24-17.26) 20 3
283
Table A.54 cont.
2456340 31inch 17.24 0.02 0.03(17.22-17.25) 20 3
2456341 31inch 17.27 0.02 0.01(17.26-17.27) 20 3
2456456 72inch 17.27 0.01 0.02(17.26-17.28) 101 6
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.161: Complete light curve for J1633+4718.
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Figure A.162: Daily light curve for J1633+4718.
This represents a confirmed detection of microvariability.
Figure A.163: Daily light curve for J1633+4718.
This represents a probable detection of microvariability.
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A.28 J1644+2619
Figure A.164: Finding chart for J1644+2619
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.55: Comparison stars for the field of J1644+2619
All values are in the Johnson R band.










Table A.56: Optical Data for J1644+2619
Julian Day Source Avg.
Mag.




2455988 42inch 17.61 0.01 0.07(17.58-17.65) 8 3
2455988 42inch 17.68 0.01 0.02(17.67-17.69) 8 3
2456064 42inch 17.73 0.01 0.08(17.68-17.76) 212 12 *
2456067 42inch 17.67 0.01 0.06(17.65-17.71) 230 15
2456068 42inch 17.37 0.02 0.24(17.23-17.47) 228 15 **
2456095 31inch 17.32 0.01 0.10(17.28-17.38) 207 6 *
2456096 31inch 17.56 0.01 0.10(17.51-17.61) 303 7 *
2456097 31inch 17.44 0.01 0.10(17.40-17.50) 195 5 *
2456098 31inch 17.61 0.01 0.01(17.61-17.62) 303 7
2456099 31inch 17.59 0.01 0.24(17.44-17.68) 303 8 **
2456100 31inch 17.65 0.01 0.02(17.64-17.66) 204 6
2456101 31inch 17.65 0.01 0.05(17.62-17.67) 327 7
2456102 31inch 17.64 0.01 0.07(17.62-17.69) 326 7 *
2456103 31inch 17.7 0.01 0.05(17.67-17.72) 328 7
2456191 42inch 17.33 0.01 0.02(17.32-17.34) 15 3
2456337 31inch 17.73 0.01 0.03(17.71-17.74) 118 6
2456338 31inch 17.74 0.01 0.04(17.72-17.76) 118 6
2456339 31inch 17.73 0.01 0.04(17.70-17.74) 198 8
2456340 31inch 17.67 0.01 0.05(17.63-17.68) 166 8
2456341 31inch 17.67 0.01 0.05(17.65-17.70) 166 8
2456342 31inch 17.65 0.02 0.12(17.59-17.71) 198 7 **
2456362 31inch 17.69 0.01 0.05(17.66-17.71) 110 6
2456363 31inch 17.66 0.01 0.15(17.56-17.71) 248 18 **
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Table A.56 cont.
2456375 31inch 17.86 0.01 0.08(17.81-17.89) 293 22
2456456 72inch 17.77 0.01 0.04(17.75-17.79) 148 11
2456480 smarts 17.7 0.02 0.00(17.70-17.70) 0 1
2456487 smarts 17.69 0.02 0.00(17.69-17.69) 0 1
2456490 smarts 17.7 0.01 0.00(17.70-17.70) 0 1
2456496 smarts 17.8 0.02 0.00(17.80-17.80) 0 1
2456505 smarts 17.78 0.02 0.00(17.78-17.78) 0 1
2456510 smarts 17.76 0.02 0.00(17.76-17.76) 0 1
2456516 smarts 17.92 0.01 0.00(17.94-17.94) 0 1
2456520 smarts 17.94 0.01 0.00(17.94-17.94) 0 1
2456770 31inch 17.62 0.01 0.05(17.60-17.65) 258 10
2456771 31inch 17.63 0.01 0.08(17.58-17.66) 291 14 **
2456772 31inch 17.51 0.01 0.15(17.44-17.59) 298 14 **
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.165: Complete light curve for J1644+2619.
Figure A.166: Daily light curve for J1644+2619.
This represents a probable detection of microvariability.
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Figure A.167: Daily light curve for J1644+2619.
This represents a confirmed detection of microvariability.
Figure A.168: Daily light curve for J1644+2619.
This represents a probable detection of microvariability.
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Figure A.169: Daily light curve for J1644+2619.
This represents a probable detection of microvariability.
Figure A.170: Daily light curve for J1644+2619.
This represents a probable detection of microvariability.
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Figure A.171: Daily light curve for J1644+2619.
This represents a confirmed detection of microvariability.
Figure A.172: Daily light curve for J1644+2619.
This represents a probable detection of microvariability.
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Figure A.173: Daily light curve for J1644+2619.
This represents a confirmed detection of microvariability.
Figure A.174: Daily light curve for J1644+2619.
This represents a confirmed detection of microvariability.
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Figure A.175: Daily light curve for J1644+2619.
This represents a confirmed detection of microvariability.
Figure A.176: Daily light curve for J1644+2619.
This represents a confirmed detection of microvariability.
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A.29 B3 1702+457
Figure A.177: Finding chart for B3 1702+457
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.57: Comparison stars for the field of B3 1702+457
All values are in the Johnson R band.










Table A.58: Optical Data for B3 1702+457
Julian Day Source Avg.
Mag.




2455989 42inch 15.37 0.01 0.01(15.36-15.37) 5 3
2456045 31inch 15.22 0.02 0.02(15.21-15.23) 114 12
2456046 31inch 15.22 0.02 0.05(15.18-15.23) 163 15
2456047 31inch 15.22 0.02 0.02(15.21-15.23) 164 15
2456064 42inch 15.35 0.01 0.03(15.33-15.36) 188 9
2456067 42inch 15.35 0.01 0.03(15.34-15.37) 172 12
2456068 42inch 15.33 0.02 0.19(15.21-15.40) 226 14 *
2456095 31inch 15.23 0.01 0.02(15.22-15.24) 205 6
2456096 31inch 15.23 0.01 0.03(15.22-15.25) 303 8
2456097 31inch 15.23 0.02 0.02(15.22-15.24) 207 5
2456098 31inch 15.22 0.02 0.03(15.20-15.23) 206 6
2456099 31inch 15.21 0.01 0.02(15.20-15.22) 303 8
2456100 31inch 15.21 0.02 0.01(15.21-15.22) 196 5
2456101 31inch 15.21 0.02 0.03(15.19-15.22) 196 5
2456102 31inch 15.22 0.02 0.01(15.21-15.22) 206 6
2456103 31inch 15.22 0.02 0.01(15.21-15.22) 110 4
2456187 42inch 15.18 0.01 0.04(15.16-15.20) 103 15
2456187 72inch 15.27 0.01 0.09(15.22-15.31) 122 116 **
2456188 42inch 15.22 0 0.03(15.21-15.24) 64 13
2456190 42inch 15.2 0.02 0.12(15.15-15.27) 75 15
2456191 42inch 15.26 0 0.01(15.26-15.27) 11 3
2456192 42inch 15.2 0.02 0.11(15.15-15.26) 74 15
2456218 31inch 15.2 0.02 0.02(15.19-15.21) 95 6
2456219 31inch 15.2 0.02 0.02(15.19-15.21) 137 15
2456220 31inch 15.21 0.02 0.02(15.20-15.22) 137 15
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2456221 31inch 15.2 0.02 0.04(15.17-15.21) 137 15
2456221 72inch 15.19 0.01 0.01(15.18-15.19) 35 28
2456222 31inch 15.21 0.02 0.02(15.20-15.22) 137 15
2456243 31inch 15.17 0.01 0.00(15.17-15.17) 20 3
2456244 31inch 15.18 0.02 0.02(15.17-15.19) 73 4
2456245 31inch 15.19 0.02 0.00(15.19-15.19) 73 4
2456246 31inch 15.2 0.02 0.00(15.20-15.20) 10 2
2456248 31inch 15.19 0.01 0.00(15.19-15.19) 10 2
2456249 31inch 15.2 0.02 0.01(15.19-15.20) 10 2
2456250 31inch 15.2 0.02 0.01(15.20-15.21) 10 2
2456282 31inch 15.22 0.02 0.04(15.21-15.25) 20 3
2456305 31inch 15.18 0.02 0.01(15.18-15.19) 20 3
2456306 31inch 15.19 0.02 0.01(15.18-15.19) 10 2
2456310 31inch 15.21 0.02 0.01(15.21-15.22) 80 4
2456312 31inch 15.21 0.02 0.01(15.21-15.22) 80 4
2456312 31inch 15.22 0.02 0.01(15.21-15.22) 80 4
2456336 31inch 15.21 0.02 0.02(15.20-15.22) 51 6
2456338 31inch 15.21 0.02 0.01(15.21-15.22) 20 3
2456339 31inch 15.22 0.02 0.00(15.22-15.22) 20 3
2456339 31inch 15.22 0.02 0.00(15.22-15.22) 20 3
2456340 31inch 15.24 0.02 0.04(15.23-15.27) 20 3
2456341 31inch 15.21 0.02 0.01(15.20-15.21) 20 3
2456342 31inch 15.22 0.02 0.02(15.21-15.23) 20 3
2456456 72inch 15.22 0.01 0.00(15.22-15.22) 7 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.178: Complete light curve for B3 1702+457.
Figure A.179: Daily light curve for B3 1702+457.
This represents a probable detection of microvariability.
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Figure A.180: Daily light curve for B3 1702+457.
This represents a confirmed detection of microvariability.
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A.30 J1709+2348
Figure A.181: Finding chart for J1709+2348
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.59: Comparison stars for the field of J1709+2348
All values are in the Johnson R band.










Table A.60: Optical Data for J1709+2348
Julian Day Source Avg.
Mag.




2456064 42inch 19.37 0.01 0.03(19.35-19.38) 180 6
2456188 42inch 19.35 0.02 0.11(19.29-19.40) 31 4
2456456 72inch 19.3 0.01 0.02(19.29-19.31) 149 13
2456475 72inch 19.32 0.01 0.08(19.26-19.34) 129 12
2456486 smarts 19.3 0.02 0.00(19.30-19.30) 0 1
2456489 smarts 19.26 0.02 0.00(19.26-19.26) 0 1
2456492 smarts 19.37 0.02 0.00(19.37-19.37) 0 1
2456504 smarts 19.15 0.03 0.00(19.15-19.15) 0 1
2456514 smarts 19.38 0.02 0.00(19.38-19.38) 0 1
2456519 smarts 19.4 0.02 0.00(19.40-19.40) 0 1
2456529 smarts 19.38 0.05 0.00(19.38-19.38) 0 1
2456533 42inch 19.35 0.02 0.07(19.31-19.38) 124 9
2456538 72inch 19.24 0.01 0.06(19.20-19.26) 22 6
2456541 72inch 18.97 0.05 0.09(18.93-19.02) 141 26
2456567 42inch 19.25 0.01 0.07(19.21-19.28) 140 8
2456568 42inch 19.27 0.01 0.05(19.25-19.30) 122 8
2456592 72inch 19.19 0.01 0.05(19.16-19.21) 3 3
2456593 72inch 19.17 0.01 0.03(19.15-19.18) 5 4
2456596 72inch 19.19 0.01 0.03(19.18-19.21) 5 4
2456771 72inch 19.27 0.02 0.07(19.24-19.31) 132 24
2456772 72inch 19.35 0.02 0.21(19.28-19.49) 138 18 **
Nights marked with a * or ** show probable / confirmed microvariability respectively.
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Figure A.182: Complete light curve for J1709+2348.
Figure A.183: Daily light curve for J1709+2348.
This represents a confirmed detection of microvariability.
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A.31 J1713+3523
Figure A.184: Finding chart for J1713+3523
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.61: Comparison stars for the field of J1713+3523
All values are in the Johnson R band.










Table A.62: Optical Data for J1713+3523
Julian Day Source Avg.
Mag.




2455984 42inch 16.96 0.01 0.01(16.96-16.97) 5 3
2455987 42inch 16.96 0.01 0.02(16.95-16.97) 20 5
2455988 42inch 16.94 0.01 0.04(16.92-16.96) 8 3
2456045 31inch 17.01 0.05 0.12(16.94-17.06) 106 3
2456046 31inch 17.01 0.04 0.02(17.00-17.02) 106 15
2456047 31inch 17.01 0.04 0.02(17.00-17.02) 106 15
2456064 42inch 17.1 0.01 0.05(17.07-17.12) 165 9
2456188 42inch 17.07 0.01 0.01(17.06-17.07) 11 3
2456396 31inch 16.91 0.02 0.09(16.84-16.93) 330 10
2456398 31inch 16.91 0.04 0.02(16.90-16.92) 350 34
2456398 42inch 17 0.01 0.04(16.98-17.02) 43 20
2456399 31inch 16.9 0.04 0.01(16.90-16.91) 30 4
2456401 42inch 17.01 0.01 0.05(16.99-17.04) 88 32
2456427 31inch 16.91 0.04 0.02(16.90-16.92) 205 10
2456428 31inch 16.91 0.04 0.02(16.90-16.92) 184 10
2456453 31inch 16.99 0.03 0.03(16.98-17.01) 226 22
2456454 31inch 16.99 0.03 0.03(16.97-17.00) 225 22
2456455 31inch 16.98 0.04 0.30(16.80-17.10) 192 16 *
2456456 31inch 16.98 0.02 0.03(16.97-17.00) 225 22
2456456 72inch 16.96 0.02 0.02(16.95-16.97) 181 13
2456457 31inch 16.97 0.03 0.02(16.96-16.98) 226 22
2456458 31inch 16.96 0.03 0.03(16.95-16.98) 226 22
2456459 31inch 16.96 0.02 0.02(16.95-16.97) 226 22
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Table A.62 cont.
2456475 72inch 16.99 0.02 0.03(16.97-17.00) 123 12
2456540 72inch 16.96 0.02 0.01(16.95-16.96) 2 3
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.185: Complete light curve for J1713+3523.
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Figure A.186: Daily light curve for J1713+3523.
This represents a probable detection of microvariability.
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A.32 IRAS 20181-2244
Figure A.187: Finding chart for IRAS 20181-2244
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.63: Comparison stars for the field of IRAS 20181-2244
All values are in the Johnson R band.










Table A.64: Optical Data for IRAS 20181-2244
Julian Day Source Avg.
Mag.




2456189 42inch 18.64 0.01 0.21(18.54-18.75) 208 27 **
2456190 42inch 18.69 0.01 0.12(18.62-18.74) 148 21 *
2456191 42inch 18.67 0.01 0.11(18.59-18.70) 80 11
2456192 42inch 18.67 0.02 0.23(18.52-18.75) 82 12
2456219 smarts 18.62 0.03 0.00(18.62-18.62) 0 1
2456226 smarts 18.78 0.02 0.00(18.78-18.78) 0 1
2456232 smarts 18.55 0.02 0.00(18.55-18.55) 0 1
2456235 smarts 18.74 0.03 0.00(18.74-18.74) 0 1
2456238 smarts 18.61 0.02 0.00(18.61-18.61) 0 1
2456243 smarts 18.59 0.03 0.00(18.59-18.59) 0 1
2456251 smarts 18.67 0.03 0.00(18.67-18.67) 0 1
2456254 smarts 18.55 0.02 0.00(18.55-18.55) 0 1
2456257 smarts 18.72 0.02 0.00(18.72-18.72) 0 1
2456263 smarts 18.63 0.03 0.11(18.58-18.69) *** 2
2456533 42inch 18.64 0.02 0.15(18.57-18.72) 150 35 **
2456538 72inch 18.53 0.02 0.07(18.51-18.58) 124 36
2456540 72inch 18.54 0.02 0.26(18.37-18.63) 127 15 **
2456541 72inch 18.54 0.04 0.01(18.54-18.55) 46 4
2456565 42inch 18.61 0.01 0.13(18.52-18.65) 167 12 **
2456566 42inch 18.62 0.01 0.17(18.54-18.71) 172 15 **
2456567 42inch 18.58 0.01 0.19(18.47-18.66) 189 15 **
2456568 42inch 18.63 0.01 0.18(18.53-18.71) 188 15 **
2456596 31inch 18.73 0.02 0.01(18.73-18.74) 10 2
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Table A.64 cont.
2456597 31inch 18.54 0.02 0.02(18.53-18.55) 10 2
2456605 31inch 18.73 0.02 0.02(18.72-18.74) 10 2
2456606 31inch 18.56 0.02 0.01(18.56-18.57) 10 2
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.188: Complete light curve for IRAS 20181-2244.
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Figure A.189: Daily light curve for IRAS 20181-2244.
This represents a confirmed detection of microvariability.
Figure A.190: Daily light curve for IRAS 20181-2244.
This represents a probable detection of microvariability.
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Figure A.191: Daily light curve for IRAS 20181-2244.
This represents a confirmed detection of microvariability.
Figure A.192: Daily light curve for IRAS 20181-2244.
This represents a confirmed detection of microvariability.
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Figure A.193: Daily light curve for IRAS 20181-2244.
This represents a confirmed detection of microvariability.
Figure A.194: Daily light curve for IRAS 20181-2244.
This represents a confirmed detection of microvariability.
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Figure A.195: Daily light curve for IRAS 20181-2244.
This represents a confirmed detection of microvariability.
Figure A.196: Daily light curve for IRAS 20181-2244.
This represents a confirmed detection of microvariability.
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A.33 J2314+2243
Figure A.197: Finding chart for J2314+2243
Field of view is 12.9’x12.9’. North is up, East is to the left.
Table A.65: Comparison stars for the field of J2314+2243
All values are in the Johnson R band.










Table A.66: Optical Data for J2314+2243
Julian Day Source Avg.
Mag.




2456244 31inch 16 0.01 0.01(16.00-16.01) 335 18
2456245 31inch 16.01 0.01 0.02(16.00-16.02) 334 18
2456246 31inch 16.01 0.01 0.02(16.00-16.02) 311 18
2456248 31inch 16.02 0.01 0.02(16.01-16.03) 271 16
2456249 31inch 16.01 0.01 0.01(16.01-16.02) 271 16
2456250 31inch 16.02 0.01 0.00(16.02-16.02) 7 2
2456533 42inch 16.06 0.01 0.05(16.04-16.09) 98 11
2456538 72inch 16.04 0.01 0.01(16.03-16.04) 1 3
2456540 72inch 16.04 0.02 0.04(16.02-16.06) 320 23
2456541 72inch 15.86 0.05 0.08(15.82-15.90) 275 63
2456565 42inch 16.06 0.01 0.02(16.05-16.07) 188 14
2456566 42inch 16.07 0.01 0.06(16.04-16.10) 266 18 **
2456567 42inch 16.06 0.01 0.07(16.04-16.11) 224 15 *
2456568 42inch 16.06 0.01 0.03(16.05-16.08) 281 18
2456592 72inch 16.03 0.02 0.06(15.99-16.05) 140 36
2456593 72inch 16.02 0.01 0.01(16.02-16.03) 182 33
2456596 31inch 16.05 0.01 0.01(16.04-16.05) 301 10
2456596 72inch 16.02 0.01 0.02(16.01-16.03) 171 12
2456597 31inch 16.04 0.01 0.01(16.04-16.05) 352 12
2456605 31inch 16.04 0.01 0.01(16.03-16.04) 296 10
2456606 31inch 16.04 0.01 0.01(16.04-16.05) 265 10
2456625 72inch 16.05 0.01 0.00(16.05-16.05) 3 3
2456654 72inch 16.05 0.01 0.02(16.03-16.05) 110 9
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Table A.66 cont.
2456656 72inch 16.03 0.01 0.01(16.03-16.04) 170 9
2456657 72inch 16.05 0.03 0.05(16.02-16.07) 68 6
2456658 72inch 16.02 0.01 0.03(16.01-16.04) 162 8
2456661 72inch 16.03 0.01 0.00(16.03-16.03) 2 3
2456662 72inch 16.04 0.01 0.00(16.04-16.04) 3 4
2456663 72inch 16.04 0.01 0.00(16.04-16.04) 3 4
Nights marked with a * or ** show probable / confirmed microvariability respectively.
Figure A.198: Complete light curve for J2314+2243.
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Figure A.199: Daily light curve for J2314+2243.




B.1 LCGen - Main Script
The following is a the top level script for LCGen (Light Curve Generator), the script that was used to
perform differential photometry and create light curves for all of the optical data in this document. Half of
the main script is involved in creating the GUI the user sees upon calling the program. The other half calls
upon the various subscripts in response to user entries.
; LCGen was w r i t t e n by Jeremy Maune , w i th h e l p from Joe Eggen .
; Th i s s c r i p t has two modes . The d e f a u l t mode a l l ows t h e p r o c e s s i n g o f . l og
; f i l e s g e n e r a t e d by t h e s t a n d a r d PEGA s c r i p t s t o q u i c k l y and p a i n l e s s l y
; c r e a t e l i g h t c u r v e s . The s c r i p t t h en o u t p u t s t h e l i g h t cu rve as a . ps f i l e ,
; a d a t a f i l e , and ( o p t i o n a l l y ) an a b b r e v i a t e d d a t e / mag / e r r d a t a f i l e . The
; second mode does a r e c u r s i v e f i l e s e a r c h t o c o n s t r u c t a long te rm l i g h t
; cu rve u s i ng t h e o u t p u t f i l e s from t h e p r e v i o u s mode .
;WARNING. F i l e s MUST have names i n t h e PEGA s t a n d a r d yyyymmdd . xxx fo rma t .
; Th i s s c r i p t makes use o f t h e f o l l ow i n g s u b s c r i p t s :




; Event h a n d l e r
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; Th i s h a l f o f t h e main s c r i p t d e a l s w i th ev en t p r o c e s s i n g . Whenever a b u t t o n




pro l c g en_even t , ev
;                                                                        
; Th i s s e c t i o n t e l l s t h e ev en t h a n d l e r what b u t t o n / t o g g l e / e t c . was p r e s s e d
; and s e t s up t h e comment window to hand l e i n p u t s from t h e s c r i p t .
;                                                                        
widg e t _ c o n t r o l , ev . top , g e t _ u v a l u e =comment_id
w i d g e t _ c o n t r o l , ev . id , g e t _ u v a l u e = uva l u e
w i d g e t _ c o n t r o l , ev . id , g e t _ v a l u e = va l u e
;                                                                        
; Th i s s e c t i o n c a l l s t h e v a r i a b l e s h e l d i n common wi th t h e GUI g e n e r a t o r .
;                                                                        
COMMON axes , t ime , mag , e r r o r , xmin , xmax , f a i n t , b r i g h t , $
xmin_or ig , xmax_orig , f a i n t _ o r i g , b r i g h t _ o r i g , ob j ec t_name
COMMON MinMax , xmin_ inpu t , xmax_input , f a i n t _ i n p u t , b r i g h t _ i n p u t , d e c_va l
COMMON BaseWidgets , column1 , d i r e c t o r y _ b a s e , f i l t e r _ b a s e , s e a r c h _ o p t i o n s _ b a s e
COMMON othe r , s i n g l e _mu l t i , s o u r c e _ f i l e , num_data , s e l e c t e d _ f i l t e r , $
s a v e _ f i l e , save_DME , c r e a t e d _ l i g h t _ c u r v e , r emove_pegaso r t , p s_ f i l e_name , $
r e c u r s i v e _ on , show_legend , t i t l e _ i n p u t , s t o p _ b u t t o n
COMMON Objec tLea rn i ng , ob j e c t _name_a r r ay , o b j e c t _ o f _ i n t e r e s t , name_ to_ l ea rn , $
n ame_ t o_ f o r g e t
COMMON Mu l t i F i l e s , s e a r c h _ c u r r e n t , s e a r c h _ c u r r e n t _ o n , c h oo s e _ c u r r e n t , $
s e a r c h_ sma r t s , s e a r ch_ sma r t s _on , choose_smar t s , $
s e a r ch_31 i n ch , s e a r ch_31 inch_on , choose_31 inch , $
s e a r ch_42 i n ch , s e a r ch_42 inch_on , choose_42 inch , $
s e a r ch_72 i n ch , s e a r ch_72 inch_on , choose_72 inch , $
s e a r c h _ o t h e r , s e a r c h_o t h e r _on , choo s e_o t h e r , symbo l_a r r ay , $
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user_pa thway , good_pathway
;                                                                        
; Th i s s e c t i o n f o r c e s t h e d a t e s i n t h e l i g h t c u r v e i t s e l f t o have t h e PEGA
; s t a n d a r d yyyymmdd . xxx fo rma t . Op t i on s t o change t h e # of dec ima l p l a c e s
; w i l l be hand l ed l a t e r on .
;                                                                        
! x . t i c k f o rm a t = ’ ( d12 . 3 ) ’
;                                                                        
; Th i s i s t h e main s e c t i o n o f t h e ev en t h a n d l e r . I t a s k s what s p e c i f i c
; e v en t occured , t h en d e f i n e s what t h e s c r i p t s hou l d do i n r e s p on s e .
;                                                                        
c a s e uva l u e o f
;                                                                       
; I f t h e " Qu i t " b u t t o n i s p r e s s e d .
;                                                                       
’ stop_command ’ : beg in
i f ( c r e a t e d _ l i g h t _ c u r v e eq ’ yes ’ ) AND ( s a v e _ f i l e eq ’ yes ’ ) t h en beg in
i f ( s i n g l e _m u l t i ne ’ s i n g l e ’ ) t h en beg in
i f ( ( doub l e ( xmax ) doub l e ( xmin ) ) ge 1 ) t h en $
p s_ f i l e _n ame= s t r t r i m ( s t r i n g ( f l o o r ( j d c o n v e r t ( doub l e ( xmin ) ) ) ) , 2 ) +’ ’+$
s t r t r i m ( s t r i n g ( f l o o r ( j d c o n v e r t ( doub l e ( xmax ) ) ) ) , 2 ) + ’ . ’+ ob j ec t_name + ’ . ps ’ $
e l s e p s _ f i l e _n ame= s t r t r i m ( s t r i n g ( f l o o r ( j d c o n v e r t ( doub l e ( xmin ) ) ) ) , 2 ) +$
’ . ’+ ob j ec t_name + ’ . ps ’
e n d i f
; These l i n e s save t h e p l o t i f one was c r e a t e d .
s e t _ p l o t , ’ ps ’
dev i ce , f i l e n ame=ps_ f i l e_name , / l a n d s c a p e
! p . c h a r t h i c k =5
! x . t h i c k =5
! y . t h i c k =5
! x . c h a r s i z e =1 .3
! y . c h a r s i z e =1 .3
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! p . t h i c k =4
l c g e n _p l o t , xmin , xmax , f a i n t , b r i g h t , dec_va l , num_data , $
ob jec t_name , symbo l_a r r ay , show_legend
dev i ce , / c l o s e
s e t _ p l o t , ’ x ’
! p . c h a r t h i c k =1
! x . t h i c k =1
! y . t h i c k =1
! x . c h a r s i z e =1 .0
! y . c h a r s i z e =1 .0
! p . t h i c k =1
; These l i n e s c l e a n up f i l e s LCGen c r e a t e s bu t t h e u s e r doesn ’ t need .
i f ( s t r l e n ( r emove_pega so r t ) ne 0 ) t h en $
spawn , r emove_pega so r t
end
i f ( save_DME eq ’no ’ ) AND ( c r e a t e d _ l i g h t _ c u r v e eq ’ yes ’ ) t h en beg in
i f ( s i n g l e _m u l t i eq ’ s i n g l e ’ ) t h en spawn , ’ rm da t e_mag_e r r . da t ’ $
e l s e spawn , ’ rm   r f s e a r c h _ r e s u l t s ’
e n d i f
WIDGET_CONTROL, ev . top , /DESTROY
end
;                                                                        
; I f t h e " Load Data " b u t t o n i s p r e s s e d .
;                                                                        
’ s ta r t_command ’ : beg in
i f ( c r e a t e d _ l i g h t _ c u r v e eq ’ no ’ ) t h en beg in
i f ( s i n g l e _m u l t i eq ’ s i n g l e ’ ) t h en beg in
c r e a t e d _ l i g h t _ c u r v e = ’ yes ’
s o u r c e _ o b j e c t = ’ ’ ; e i t h e r a f i l e o r o b j e c t name .
w i d g e t _ c o n t r o l , s o u r c e _ f i l e , g e t _ v a l u e = s o u r c e _ o b j e c t
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widg e t _ c o n t r o l , / h o u r g l a s s
; C a l l t h e l c g e n _ i n p u t s c r i p t
i n p u t _ a r r a y = l c g e n _ i n p u t ( s o u r c e _ o b j e c t , t ime , mag , e r r , comment_id )
xmin=doub l e ( i n p u t _ a r r a y ( 1 ) )
xmax=doub le ( i n p u t _ a r r a y ( 2 ) )
xmin_or ig=xmin
xmax_or ig=xmax
f a i n t = i n p u t _ a r r a y ( 3 )
f a i n t _ o r i g = f a i n t
b r i g h t = i n p u t _ a r r a y ( 4 )
b r i g h t _ o r i g = b r i g h t
ob j ec t_name= i n p u t _ a r r a y ( 0 )
f i l t e r = i n p u t _ a r r a y ( 5 )
num_data= i n p u t _ a r r a y ( 6 )
r emove_pega so r t = i n p u t _ a r r a y ( 7 )
p s _ f i l e _n ame= i n p u t _ a r r a y ( 8 )
w i d g e t _ c o n t r o l , xmin_ inpu t , s e t _ v a l u e = s t r i n g ( xmin , f o rma t = ’ ( d0 . 3 ) ’ )
w i d g e t _ c o n t r o l , xmax_input , s e t _ v a l u e = s t r i n g ( xmax , f o rma t = ’ ( d0 . 3 ) ’ )
w i d g e t _ c o n t r o l , f a i n t _ i n p u t , s e t _ v a l u e = s t r i n g ( f a i n t , f o rma t = ’ ( d0 . 2 ) ’ )
w i d g e t _ c o n t r o l , b r i g h t _ i n p u t , s e t _ v a l u e = s t r i n g ( b r i g h t , f o rma t = ’ ( d0 . 2 ) ’ )
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ C r e a t i n g p l o t . ’
l c g e n _ p l o t , xmin , xmax , f a i n t , b r i g h t , dec_va l , num_data , $
ob jec t_name , symbo l_a r r ay , show_legend
w i d g e t _ c o n t r o l , t i t l e _ i n p u t , s e t _ v a l u e =ob jec t_name
w i d g e t _ c o n t r o l , column1 , s e n s i t i v e =1
e n d i f e l s e beg in
;                                            
; START OF MULTI FILE MODE CASE
;                                            
s o u r c e _ o b j e c t = ’ ’ ; e i t h e r a f i l e o r o b j e c t name .
w i d g e t _ c o n t r o l , s o u r c e _ f i l e , g e t _ v a l u e = s o u r c e _ o b j e c t
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i f ( s t r l e n ( s o u r c e _ o b j e c t ) eq 0 ) t h en beg in
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’No o b j e c t o f i n t e r e s t has been l o aded y e t ! ’
e n d i f e l s e beg in
l e a r n _ f o r g e t = ’ nu l l ’
o b j e c t _ n ame_a r r a y = lcgen_names ( s o u r c e _ o b j e c t , comment_id , $
l e a r n _ f o r g e t , name_ to_ l ea rn , n ame_ t o_ f o r g e t )
; The f o l l ow i n g l i n e c a l l s on l c g e n _mu l t i . Th i s sub s c r i p t
; does d i r e c t o r y s e a r c h e s f o r t h e d e s i r e d o b j e c t i n mu l t i p l e
; d i r e c t o r i e s , c r e a t i n g o u t p u t f i l e s when done .
l c g en_mu l t i , o b j e c t _name_a r r ay , s e l e c t e d _ f i l t e r , r e c u r s i v e _ on , $
s e a r ch_ sma r t s _on , s e a r ch_31 inch_on , s e a r ch_42 inch_on , $
s ea r ch_72 inch_on , s e a r c h_o t h e r _on , s e a r c h _ c u r r e n t _ o n , $
comment_id , u se r_pa thway
; r e ad i n t h e p l o t t i n g v a r i a b i l e s l c g e n _ p l o t w i l l need
temp= s t r a r r ( 6 )
openr , 1 , ’ s e a r c h _ r e s u l t s / mu l t i . da t ’
r e ad f , 1 , temp
c l o s e , 1
ob j ec t_name=temp ( 0 )
f i l t e r =temp ( 1 )
f a i n t =temp ( 2 )
f a i n t _ o r i g = f a i n t
b r i g h t =temp ( 3 )
b r i g h t _ o r i g = b r i g h t
xmin=temp ( 4 )
xmin_o r ig=xmin
xmax=temp ( 5 )
xmax_or ig=xmax
r emove_pega so r t = ’ ’
num_data = ’ mu l t i ’ ; i n s i n g l e  f i l e case , t h i s
; v a r i a b l e h e l d t h e # o f d a t a p o i n t s .
; Th i s i s u s e l e s s h e r e wi th mu l t i p l e
; f i l e s . So , I make use o f i t t o t e l l
; l c g e n _ p l o t t h a t i t i s working wi th
; mu l t i d a t a .
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widg e t _ c o n t r o l , xmin_ inpu t , s e t _ v a l u e = s t r i n g ( xmin , f o rma t = ’ ( d0 . 3 ) ’ )
w i d g e t _ c o n t r o l , xmax_input , s e t _ v a l u e = s t r i n g ( xmax , f o rma t = ’ ( d0 . 3 ) ’ )
w i d g e t _ c o n t r o l , f a i n t _ i n p u t , s e t _ v a l u e = s t r i n g ( f a i n t , f o rma t = ’ ( d0 . 2 ) ’ )
w i d g e t _ c o n t r o l , b r i g h t _ i n p u t , s e t _ v a l u e = s t r i n g ( b r i g h t , f o rma t = ’ ( d0 . 2 ) ’ )
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ C r e a t i n g p l o t . ’
l c g e n _ p l o t , xmin , xmax , f a i n t , b r i g h t , dec_va l , num_data , $
ob jec t_name , symbo l_a r r ay , show_legend
w i d g e t _ c o n t r o l , t i t l e _ i n p u t , s e t _ v a l u e =ob jec t_name
w i d g e t _ c o n t r o l , column1 , s e n s i t i v e =1
c r e a t e d _ l i g h t _ c u r v e = ’ yes ’
e n d e l s e
;                                            
;END OF MULTI FILE MODE CASE
;                                            
e n d e l s e
e n d i f e l s e beg in
; Th i s code i s f o r when u s e r t r i e s p r e s s " F ind Data " tw i c e .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’WARNING! Do no t a t t emp t t o make a new l i g h t cu rve a f t e r LCGen has ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ a l r e a d y made one . Ex i t t h e s c r i p t and s t a r t a new s e s s i o n i n s t e a d ! ’
e n d e l s e
end
;                                                                        
; I f t h e " Re s t o r e D e f a u l t s " b u t t o n i s p r e s s e d .
;                                                                        
’ res tore_command ’ : beg in
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i f ( c r e a t e d _ l i g h t _ c u r v e eq ’ no ’ ) t h en w i d g e t _ c o n t r o l , comment_id , $
/ append , s e t _ v a l u e = ’No l i g h t cu rve c r e a t e d y e t ! ’ e l s e beg in
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ R e s t o r i n g d e f a u l t axes . ’
xmin=xmin_or ig
xmax=xmax_or ig
b r i g h t = b r i g h t _ o r i g
f a i n t = f a i n t _ o r i g
w i d g e t _ c o n t r o l , xmin_ inpu t , s e t _ v a l u e = s t r i n g ( xmin , f o rma t = ’ ( d0 . 3 ) ’ )
w i d g e t _ c o n t r o l , xmax_input , s e t _ v a l u e = s t r i n g ( xmax , f o rma t = ’ ( d0 . 3 ) ’ )
w i d g e t _ c o n t r o l , f a i n t _ i n p u t , s e t _ v a l u e = s t r i n g ( f a i n t , f o rma t = ’ ( d0 . 2 ) ’ )
w i d g e t _ c o n t r o l , b r i g h t _ i n p u t , s e t _ v a l u e = s t r i n g ( b r i g h t , f o rma t = ’ ( d0 . 2 ) ’ )
l c g e n _ p l o t , xmin , xmax , f a i n t , b r i g h t , dec_va l , num_data , $
ob jec t_name , symbo l_a r r ay , show_legend
e n d e l s e
end
;                                                                        
; I f t h e u s e r e n t e r s a new x minimum va l u e
;                                                                        
’ xmin_ rece ived ’ : beg in
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Upda t ing l i g h t cu rve wi th new x minimum . ’
xmin=doub l e ( v a l u e )
l c g e n _ p l o t , xmin , xmax , f a i n t , b r i g h t , dec_va l , num_data , $
ob jec t_name , symbo l_a r r ay , show_legend
end
;                                                                        
; I f t h e u s e r e n t e r s a new x maximum va l u e
;                                                                        
’ xmax_rece ived ’ : beg in
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Upda t ing l i g h t cu rve wi th new x maximum . ’
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xmax=doub le ( v a l u e )
l c g e n _ p l o t , xmin , xmax , f a i n t , b r i g h t , dec_va l , num_data , $
ob jec t_name , symbo l_a r r ay , show_legend
end
;                                                                        
; I f t h e u s e r e n t e r s a new b r i g h t l i m i t v a l u e
;                                                                        
’ b r i g h t _ r e c e i v e d ’ : beg in
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Upda t ing l i g h t cu rve wi th new b r i g h t l i m i t . ’
b r i g h t =doub l e ( v a l u e )
l c g e n _ p l o t , xmin , xmax , f a i n t , b r i g h t , dec_va l , num_data , $
ob jec t_name , symbo l_a r r ay , show_legend
end
;                                                                        
; I f t h e u s e r e n t e r s a new f a i n t l i m i t v a l u e
;                                                                        
’ f a i n t _ r e c e i v e d ’ : beg in
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Upda t ing l i g h t cu rve wi th new f a i n t l i m i t . ’
f a i n t = doub l e ( v a l u e )
l c g e n _ p l o t , xmin , xmax , f a i n t , b r i g h t , dec_va l , num_data , $
ob jec t_name , symbo l_a r r ay , show_legend
end
;                                                                        
; I f t h e u s e r e n t e r s a new dec ima l p r e c i s i o n v a l u e
;                                                                        
’ d e c ima l _ i npu t ’ : b eg in
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i f ( v a l u e eq 0) t h en de c_va l = ’ ( i 8 . 7 ) ’ e l s e $
de c_va l = ’ ( d ’ + s t r t r i m ( s t r i n g (9+ va l u e ) , 2 ) + $
’ . ’ + s t r t r i m ( s t r i n g ( v a l u e ) , 2 ) + ’ ) ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Decimal p r e c i s i o n s e t t o ’ + s t r t r i m ( s t r i n g ( v a l u e ) , 2 ) + ’ . ’
l c g e n _ p l o t , xmin , xmax , f a i n t , b r i g h t , dec_va l , num_data , $
ob jec t_name , symbo l_a r r ay , show_legend
end
;                                                                        
; I f t h e u s e r e n t e r s a new o b j e c t name t o appea r on t h e p l o t
;                                                                        
’ t i t l e _ i n p u t ’ : b eg in
ob j ec t_name=va l u e
l c g e n _p l o t , xmin , xmax , f a i n t , b r i g h t , dec_va l , num_data , $
ob jec t_name , symbo l_a r r ay , show_legend
end
;                                                                        
; I f t h e u s e r s e l e c t s " Mu l t i F i l e Mode"
;                                                                        
’ mu l t i_mode_bu t ton ’ OR ’ s i ng l e_mode_bu t t on ’ : b eg in
i f ( s i n g l e _m u l t i eq ’ s i n g l e ’ ) t h en beg in
s i n g l e _m u l t i = ’ mu l t i ’
w i d g e t _ c o n t r o l , d i r e c t o r y _ b a s e , s e n s i t i v e =1
w i d g e t _ c o n t r o l , f i l t e r _ b a s e , s e n s i t i v e =1
w i d g e t _ c o n t r o l , s e a r c h _ op t i o n s _ b a s e , s e n s i t i v e =1
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Mul t i  f i l e mode a c t i v e : LCGen e x p e c t s o b j e c t name i n p u t . ’
e n d i f e l s e beg in
s i n g l e _m u l t i = ’ s i n g l e ’
w i d g e t _ c o n t r o l , d i r e c t o r y _ b a s e , s e n s i t i v e =0
w i d g e t _ c o n t r o l , f i l t e r _ b a s e , s e n s i t i v e =0
w i d g e t _ c o n t r o l , s e a r c h _ op t i o n s _ b a s e , s e n s i t i v e =0
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widg e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S i n g l e f i l e mode a c t i v e : LCGen e x p e c t s f i l e name i n p u t . ’
e n d e l s e
end
;                                                                        
; I f t h e u s e r s e l e c t s a new sou r c e f i l e / o b j e c t
;                                                                        
’ f i l e _ r e c e i v e d ’ : beg in
w i d g e t _ c o n t r o l , s o u r c e _ f i l e , s e t _ v a l u e = va l u e
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Source f i l e / o b j e c t w i l l be : ’ + s t r i n g ( v a l u e )
end
;                                                                        
; I f t h e u s e r c l i c k s on t h e ’ c u r r e n t d i r e c t o r y ’ o p t i o n
;                                                                        
’ s e a r c h _ c u r r e n t ’ : b eg in
i f ( s e a r c h _ c u r r e n t _ o n eq ’ no ’ ) t h en beg in
s e a r c h _ c u r r e n t _ o n = ’ yes ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l l ook f o r d a t a i n t h e c u r r e n t d i r e c t o r y . ’
e n d i f e l s e beg in
s e a r c h _ c u r r e n t _ o n = ’no ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l no l o n g e r look f o r d a t a i n t h e c u r r e n t d i r e c t o r y . ’
e n d e l s e
end
;                                                                        
; I f t h e u s e r s e l e c t s a new p l o t t i n g symbol f o r t h e c u r r e n t d i r e c t o r y
;                                                                        
’ p sym_cur ren t ’ : b eg in
s e l e c t e d _ s ymbo l =w i d g e t _ i n f o ( c hoo s e _ cu r r e n t , / combobox_ge t t ex t )
c a s e s e l e c t e d _ s ymbo l o f
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’ Plus ’ : s ymbo l_a r r ay ( 0 ) =1
’ A s t e r i s k ’ : s ymbo l_a r r ay ( 0 ) =2
’ Pe r iod ’ : s ymbo l_a r r ay ( 0 ) =3
’Diamond ’ : s ymbo l_a r r ay ( 0 ) =4
’ T r i a ng l e ’ : s ymbo l_a r r ay ( 0 ) =5
’ Square ’ : s ymbo l_a r r ay ( 0 ) =6




; I f t h e u s e r c l i c k s on t h e ’ sma r t s d i r e c t o r y ’ o p t i o n
;                                                                        
’ s e a r c h_ sma r t s ’ : b eg in
i f ( s e a r c h_ sma r t s _ on eq ’ no ’ ) t h en beg in
s e a r c h_ sma r t s _ on = ’ yes ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l l ook f o r d a t a i n t h e mas t e r SMARTS d i r e c t o r y . ’
e n d i f e l s e beg in
s e a r c h_ sma r t s _ on = ’no ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l no l o n g e r look f o r d a t a i n t h e mas t e r SMARTS d i r e c t o r y . ’
e n d e l s e
end
;                                                                        
; I f t h e u s e r s e l e c t s a new p l o t t i n g symbol f o r t h e sma r t s d i r e c t o r y
;                                                                        
’ psym_smarts ’ : b eg in
s e l e c t e d _ s ymbo l =w i d g e t _ i n f o ( choose_smar t s , / combobox_ge t t ex t )
c a s e s e l e c t e d _ s ymbo l o f
’ P lus ’ : s ymbo l_a r r ay ( 1 ) =1
’ A s t e r i s k ’ : s ymbo l_a r r ay ( 1 ) =2
’ Pe r iod ’ : s ymbo l_a r r ay ( 1 ) =3
’Diamond ’ : s ymbo l_a r r ay ( 1 ) =4
’ T r i a ng l e ’ : s ymbo l_a r r ay ( 1 ) =5
’ Square ’ : s ymbo l_a r r ay ( 1 ) =6





; I f t h e u s e r c l i c k s on t h e ’31 i n ch d i r e c t o r y ’ o p t i o n
;                                                                        
’ s e a r ch_31 i n ch ’ : beg in
i f ( s e a r c h_31 i n ch_on eq ’ no ’ ) t h en beg in
s e a r ch_31 i n ch_on = ’ yes ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l l ook f o r d a t a i n t h e mas t e r 31 Inch d i r e c t o r y . ’
e n d i f e l s e beg in
s e a r ch_31 i n ch_on = ’no ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l no l o n g e r look f o r d a t a i n t h e mas t e r 31 Inch d i r e c t o r y . ’
e n d e l s e
end
;                                                                        
; I f t h e u s e r s e l e c t s a new p l o t t i n g symbol f o r t h e 31 i n ch d i r e c t o r y
;                                                                        
’ psym_31inch ’ : beg in
s e l e c t e d _ s ymbo l =w i d g e t _ i n f o ( choose_31 inch , / combobox_ge t t ex t )
c a s e s e l e c t e d _ s ymbo l o f
’ P lus ’ : s ymbo l_a r r ay ( 2 ) =1
’ A s t e r i s k ’ : s ymbo l_a r r ay ( 2 ) =2
’ Pe r iod ’ : s ymbo l_a r r ay ( 2 ) =3
’Diamond ’ : s ymbo l_a r r ay ( 2 ) =4
’ T r i a ng l e ’ : s ymbo l_a r r ay ( 2 ) =5
’ Square ’ : s ymbo l_a r r ay ( 2 ) =6




; I f t h e u s e r c l i c k s on t h e ’42 i n ch d i r e c t o r y ’ o p t i o n
;                                                                        
’ s e a r ch_42 i n ch ’ : beg in
i f ( s e a r c h_42 i n ch_on eq ’ no ’ ) t h en beg in
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sea r ch_42 i n ch_on = ’ yes ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l l ook f o r d a t a i n t h e mas t e r 42 Inch d i r e c t o r y . ’
e n d i f e l s e beg in
s e a r ch_42 i n ch_on = ’no ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l no l o n g e r look f o r d a t a i n t h e mas t e r 42 Inch d i r e c t o r y . ’
e n d e l s e
end
;                                                                        
; I f t h e u s e r s e l e c t s a new p l o t t i n g symbol f o r t h e 42 i n ch d i r e c t o r y
;                                                                        
’ psym_42inch ’ : beg in
s e l e c t e d _ s ymbo l =w i d g e t _ i n f o ( choose_42 inch , / combobox_ge t t ex t )
c a s e s e l e c t e d _ s ymbo l o f
’ P lus ’ : s ymbo l_a r r ay ( 3 ) =1
’ A s t e r i s k ’ : s ymbo l_a r r ay ( 3 ) =2
’ Pe r iod ’ : s ymbo l_a r r ay ( 3 ) =3
’Diamond ’ : s ymbo l_a r r ay ( 3 ) =4
’ T r i a ng l e ’ : s ymbo l_a r r ay ( 3 ) =5
’ Square ’ : s ymbo l_a r r ay ( 3 ) =6




; I f t h e u s e r c l i c k s on t h e ’72 i n ch d i r e c t o r y ’ o p t i o n
;                                                                        
’ s e a r ch_72 i n ch ’ : beg in
i f ( s e a r c h_72 i n ch_on eq ’ no ’ ) t h en beg in
s e a r ch_72 i n ch_on = ’ yes ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l l ook f o r d a t a i n t h e mas t e r 72 Inch d i r e c t o r y . ’
e n d i f e l s e beg in
s e a r ch_72 i n ch_on = ’no ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l no l o n g e r look f o r d a t a i n t h e mas t e r 72 Inch d i r e c t o r y . ’




; I f t h e u s e r s e l e c t s a new p l o t t i n g symbol f o r t h e 72 i n ch d i r e c t o r y
;                                                                        
’ psym_72inch ’ : beg in
s e l e c t e d _ s ymbo l =w i d g e t _ i n f o ( choose_72 inch , / combobox_ge t t ex t )
c a s e s e l e c t e d _ s ymbo l o f
’ P lus ’ : s ymbo l_a r r ay ( 4 ) =1
’ A s t e r i s k ’ : s ymbo l_a r r ay ( 4 ) =2
’ Pe r iod ’ : s ymbo l_a r r ay ( 4 ) =3
’Diamond ’ : s ymbo l_a r r ay ( 4 ) =4
’ T r i a ng l e ’ : s ymbo l_a r r ay ( 4 ) =5
’ Square ’ : s ymbo l_a r r ay ( 4 ) =6




; I f t h e u s e r c l i c k s on t h e ’ use r s p e c i f i e d d i r e c t o r y ’ o p t i o n
;                                                                        
’ s e a r c h _ o t h e r ’ : b eg in
i f ( s e a r c h _ o t h e r _ o n eq ’ no ’ ) t h en beg in
s e a r c h _ o t h e r _ o n = ’ yes ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l l ook f o r d a t a i n t h e use r s p e c i f i e d d i r e c t o r y . ’
e n d i f e l s e beg in
s e a r c h _ o t h e r _ o n = ’no ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l no l o n g e r look f o r d a t a i n t h e use r s p e c i f i e d d i r e c t o r y . ’
e n d e l s e
end
;                                                                        
; I f t h e u s e r s e l e c t s a new p l o t t i n g symbol f o r t h e u s e r d i r e c t o r y
;                                                                        
’ psym_other ’ : b eg in
s e l e c t e d _ s ymbo l =w i d g e t _ i n f o ( choo s e_o t h e r , / combobox_ge t t ex t )
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cas e s e l e c t e d _ s ymbo l o f
’ P lus ’ : s ymbo l_a r r ay ( 5 ) =1
’ A s t e r i s k ’ : s ymbo l_a r r ay ( 5 ) =2
’ Pe r iod ’ : s ymbo l_a r r ay ( 5 ) =3
’Diamond ’ : s ymbo l_a r r ay ( 5 ) =4
’ T r i a ng l e ’ : s ymbo l_a r r ay ( 5 ) =5
’ Square ’ : s ymbo l_a r r ay ( 5 ) =6




; I f t h e u s e r e n t e r s a d i r e c t o r y pathway f o r t h e " o t h e r " o p t i o n
;                                                                        
’ u s e r _ s p e c i f i e d _ d i r e c t o r y ’ : beg in
use r_pa thway= va l u e
f o u n d _ d i r e c t o r y = f i l e _ t e s t ( u se r_pa thway )
i f ( f o u n d _ d i r e c t o r y eq 1 ) t h en beg in
good_pathway = ’ yes ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l l ook f o r d a t a i n ’ + use r_pa thway
e n d i f e l s e beg in
good_pathway = ’no ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’The use r s p e c i f i e d d i r e c t o r y does no t e x i s t ! ’
e n d e l s e
end
;                                                                        
; I f t h e u s e r c l i c k s on t h e r e c u r s i v e o p t i o n
;                                                                        
’ s e l e c t _ r e c u r s i v e ’ : b eg in
i f ( r e c u r s i v e _ o n eq ’ no ’ ) t h en beg in
r e c u r s i v e _ o n = ’ yes ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ A l l sub d i r e c t o r i e s w i l l be i n c l u d e d i n t h e f i l e s e a r c h . ’
e n d i f e l s e beg in
r e c u r s i v e _ o n = ’no ’
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widg e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’Sub d i r e c t o r i e s w i l l NOT be i n c l u d e d i n t h e f i l e s e a r c h ! ’
e n d e l s e
end
;                                                                        
; I f t h e u s e r c l i c k s on t h e show l egend o p t i o n
;                                                                        
’ show_legend ’ : beg in
i f ( show_legend eq ’ no ’ ) t h en beg in
show_legend = ’ yes ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l p r i n t a l eg end benea t h p l o t . ’
e n d i f e l s e beg in
show_legend = ’no ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen w i l l no t p r i n t a l eg end benea t h t h e p l o t . ’
e n d e l s e
end
;                                                                        
; I f t h e u s e r c l i c k s on t h e save f i l e o p t i o n
;                                                                        
’ s a v e_bu t t on ’ : beg in
i f ( s a v e _ f i l e eq ’ no ’ ) t h en beg in
s a v e _ f i l e = ’ yes ’
w i d g e t _ c o n t r o l , s t o p _bu t t o n , s e t _ v a l u e = ’SAVE AND EXIT ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’A p o s t s c r i p t copy of t h e l i g h t cu rve w i l l be saved upon e x i t . ’
e n d i f e l s e beg in
s a v e _ f i l e = ’no ’
w i d g e t _ c o n t r o l , s t o p _bu t t o n , s e t _ v a l u e = ’EXIT ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’WARNING! LIGHT CURVE WILL NOT BE SAVED UPON EXIT ! ’




; I f t h e u s e r c l i c k s on t h e save d a t e / mag / e r r o p t i o n
;                                                                        
’DME_button ’ : beg in
i f ( save_DME eq ’no ’ ) t h en beg in
save_DME= ’ yes ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ F i l e s such as d a t e / mag / e r r w i l l be kep t upon e x i t . ’
e n d i f e l s e beg in
save_DME= ’no ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ F i l e s such as d a t e / mag / e r r w i l l be d e s t r o y e d upon e x i t . ’
e n d e l s e
end
;                                                                        
; I f t h e u s e r s e l e c t s a new f i l t e r i n mu l t i n i g h t mode
;                                                                        
’ s e l e c t _ u ’ : beg in
i f ( s e l e c t e d _ f i l t e r ne ’u ’ ) t h en w i d g e t _ c o n t r o l , comment_id , / append , $
s e t _ v a l u e = ’LCGen w i l l s e a r c h f o r d a t a t a k en i n t h e U band . ’
s e l e c t e d _ f i l t e r = ’u ’
end
’ s e l e c t _ b ’ : beg in
i f ( s e l e c t e d _ f i l t e r ne ’b ’ ) t h en w i d g e t _ c o n t r o l , comment_id , / append , $
s e t _ v a l u e = ’LCGen w i l l s e a r c h f o r d a t a t a k en i n t h e B band . ’
s e l e c t e d _ f i l t e r = ’b ’
end
’ s e l e c t _ v ’ : beg in
i f ( s e l e c t e d _ f i l t e r ne ’v ’ ) t h en w i d g e t _ c o n t r o l , comment_id , / append , $
s e t _ v a l u e = ’LCGen w i l l s e a r c h f o r d a t a t a k en i n t h e V band . ’
s e l e c t e d _ f i l t e r = ’v ’
end
’ s e l e c t _ r ’ : b eg in
i f ( s e l e c t e d _ f i l t e r ne ’ r ’ ) t h en w i d g e t _ c o n t r o l , comment_id , / append , $
s e t _ v a l u e = ’LCGen w i l l s e a r c h f o r d a t a t a k en i n t h e R band . ’
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s e l e c t e d _ f i l t e r = ’ r ’
end
’ s e l e c t _ i ’ : b eg in
i f ( s e l e c t e d _ f i l t e r ne ’ i ’ ) t h en w i d g e t _ c o n t r o l , comment_id , / append , $
s e t _ v a l u e = ’LCGen w i l l s e a r c h f o r d a t a t a k en i n t h e I band . ’
s e l e c t e d _ f i l t e r = ’ i ’
end
;                                                                        
; I f t h e u s e r e n t e r s some th ing i n t o t h e ’ o b j e c t ’ t e x t b o x ( Ob j e c t Lea rn i ng )
;                                                                        
’ f i n d _ o b j e c t _ i n p u t ’ : o b j e c t _ o f _ i n t e r e s t = s t r c omp r e s s ( va lue , / r emove_a l l )
;                                                                        
; I f t h e u s e r p r e s s e s t h e Find Ob j e c t b u t t o n ( Ob j e c t Lea rn i ng )
;                                                                        
’ f i n d _ o b j e c t _ b u t t o n ’ : beg in
i f ( s t r l e n ( o b j e c t _ o f _ i n t e r e s t ) eq 0 ) t h en beg in
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’No o b j e c t o f i n t e r e s t has been l o aded y e t ! ’
e n d i f e l s e beg in
l e a r n _ f o r g e t = ’ nu l l ’
o b j e c t _ n ame_a r r a y = lcgen_names ( o b j e c t _ o f _ i n t e r e s t , comment_id , $
l e a r n _ f o r g e t , name_ to_ l ea rn , n ame_ t o_ f o r g e t )
e n d e l s e
end
;                                                                        
; I f t h e u s e r e n t e r s a name i n t o t h e " l e a r n name " or " f o r g e t name "
; t e x t boxes ( Ob j e c t Lea rn i ng )
;                                                                        
; s t r c omp r e s s i s used on t h e s e v a l u e s so t h a t e n t r i e s l i k e "Mkn 421" and
; " Mkn421" a r e r e c o gn i z e d as t h e same t h i n g . Also , t h e mas t e r name l i s t
; i s s pace d e l im i t e d , and would be con fu s ed by t h e e x t r a s p a c e s .
’ l e a r n _ a l t e r n a t e _ i n p u t ’ : n ame_ to_ l e a r n= s t r c omp r e s s ( va lue , / r emove_a l l )
’ f o r g e t _ a l t e r n a t e _ i n p u t ’ : n ame_ t o_ f o r g e t = s t r c omp r e s s ( va lue , / r emove_a l l )
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;                                                                        
; I f t h e u s e r p r e s s e s t h e s t a r t b u t t o n f o r l e a r n i n g a new name f o r an
; a l r e a d y known o b j e c t ( Ob j e c t Lea rn i ng )
;                                                                        
’ l e a r n _ a l t e r n a t e _ b u t t o n ’ : beg in
i f ( s t r l e n ( o b j e c t _ o f _ i n t e r e s t ) eq 0 ) t h en beg in
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’No o b j e c t o f i n t e r e s t has been l o aded y e t ! ’
e n d i f e l s e beg in
l e a r n _ f o r g e t = ’ l e a r n ’
ob j e c t _ n ame_a r r a y = lcgen_names ( o b j e c t _ o f _ i n t e r e s t , comment_id , $
l e a r n _ f o r g e t , name_ to_ l ea rn , n ame_ t o_ f o r g e t )
e n d e l s e
end
;                                                                        
; I f t h e u s e r p r e s s e s t h e s t a r t b u t t o n f o r f o r g e t t i n g a new name f o r an
; a l r e a d y known o b j e c t ( Ob j e c t Lea rn i ng )
;                                                                        
’ f o r g e t _ a l t e r n a t e _ b u t t o n ’ : beg in
i f ( s t r l e n ( o b j e c t _ o f _ i n t e r e s t ) eq 0 ) t h en beg in
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’No o b j e c t o f i n t e r e s t has been l o aded y e t ! ’
e n d i f e l s e beg in
l e a r n _ f o r g e t = ’ f o r g e t ’
o b j e c t _ n ame_a r r a y = lcgen_names ( o b j e c t _ o f _ i n t e r e s t , comment_id , $
l e a r n _ f o r g e t , name_ to_ l ea rn , n ame_ t o_ f o r g e t )
e n d e l s e
end
;                                                                        
; I f t h e u s e r p r e s s e s t h e Fo r g e t Ob j e c t b u t t o n ( Ob j e c t Lea rn i ng )
;                                                                        
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’ f o r g e t _ o b j e c t _ b u t t o n ’ : beg in
i f ( s t r l e n ( o b j e c t _ o f _ i n t e r e s t ) eq 0 ) t h en beg in
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’No o b j e c t o f i n t e r e s t has been l o aded y e t ! ’
e n d i f e l s e beg in
l e a r n _ f o r g e t = ’ r emove_ob jec t ’
o b j e c t _ n ame_a r r a y = lcgen_names ( o b j e c t _ o f _ i n t e r e s t , comment_id , $
l e a r n _ f o r g e t , name_ to_ l ea rn , n ame_ t o_ f o r g e t )
e n d e l s e
end
;                                                                        
; I f t h e u s e r p r e s s e s t h e Learn Ob j e c t b u t t o n ( Ob j e c t Lea rn i ng )
;                                                                        
’ l e a r n _ o b j e c t _ b u t t o n ’ : beg in
i f ( s t r l e n ( o b j e c t _ o f _ i n t e r e s t ) eq 0 ) t h en beg in
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’No o b j e c t o f i n t e r e s t has been l o aded y e t ! ’
e n d i f e l s e beg in
l e a r n _ f o r g e t = ’ l e a r n _ o b j e c t ’
o b j e c t _ n ame_a r r a y = lcgen_names ( o b j e c t _ o f _ i n t e r e s t , comment_id , $
l e a r n _ f o r g e t , name_ to_ l ea rn , n ame_ t o_ f o r g e t )
e n d e l s e
end
;                                                                        
; I f t h e u s e r s e l e c t s some th ing impo s s i b l e
;                                                                        
e l s e : ; For some reason , t h e s i n g l e / mu l t i mode o p t i o n works , bu t s t i l l g i v e s an
; e r r o r message s a y i n g t h e CASE s t a t em e n t found no matches . Having t h i s







; GUI C r e a t i o n




pro l c g en
COMMON BaseWidgets , column1 , d i r e c t o r y _ b a s e , f i l t e r _ b a s e , s e a r c h _ o p t i o n s _ b a s e
COMMON MinMax , xmin_ inpu t , xmax_input , f a i n t _ i n p u t , b r i g h t _ i n p u t , d e c_va l
COMMON Objec tLea rn i ng , ob j e c t _name_a r r ay , o b j e c t _ o f _ i n t e r e s t n am e _ t o _ l e a r n , $
n ame_ t o_ f o r g e t
COMMON othe r , s i n g l e _mu l t i , s o u r c e _ f i l e , num_data , s e l e c t e d _ f i l t e r , $
s a v e _ f i l e , save_DME , c r e a t e d _ l i g h t _ c u r v e , r emove_pegaso r t , p s_ f i l e_name , $
r e c u r s i v e _ on , show_legend , t i t l e _ i n p u t , s t o p _ b u t t o n
COMMON Mu l t i F i l e s , s e a r c h _ c u r r e n t , s e a r c h _ c u r r e n t _ o n , c h oo s e _ c u r r e n t , $
s e a r c h_ sma r t s , s e a r ch_ sma r t s _on , choose_smar t s , $
s e a r ch_31 i n ch , s e a r ch_31 inch_on , choose_31 inch , $
s e a r ch_42 i n ch , s e a r ch_42 inch_on , choose_42 inch , $
s e a r ch_72 i n ch , s e a r ch_72 inch_on , choose_72 inch , $
s e a r c h _ o t h e r , s e a r c h_o t h e r _on , choo s e_o t h e r , symbo l_a r r ay , $
use r_pa thway , good_pathway
dev i ce , r e t a i n =2
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e base widge t h i e r a r c h y of t h e GUI . Sub ba s e s o f
; each p a r e n t ba se a r e i n d e n t e d by two sp a c e s .
;                                                                        
main_base = w idge t _ba s e ( t i t l e = ’LCGen , t h e L i gh t Curve Gene r a t o r ’ , column =2)
p r ima ry_ba s e = w idge t _ba s e ( main_base , / column , / b a s e _ a l i g n _ c e n t e r )
window_base = widge t _ba s e ( p r ima ry_base , / column )
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window = widge t_draw ( window_base , x s i z e =835 , y s i z e =515)
o p t i o n s _ b a s e = w idge t _ba s e ( p r ima ry_base , / column )
row1 = widge t _ba s e ( p r ima ry_base , / row , / b a s e _ a l i g n _ c e n t e r )
r ow1_bu t t on s = w idge t _ba s e ( row1 , / row )
row1_mode = widge t _ba s e ( row1 , / row , / e x c l u s i v e )
row1_ inpu t = w idge t _ba s e ( row1 , / row )
row2 = widge t _ba s e ( p r ima ry_base , column =2)
i n p u t _ b a s e = widge t _ba s e ( row2 , / column )
column1 = widge t _ba s e ( i n pu t _b a s e , column =4)
mag_base = widge t _ba s e ( column1 , / column , f rame =4)
t ime_ba s e = widge t _ba s e ( column1 , / column , f rame =4)
c ho i c e _b a s e =widge t _ba s e ( column1 , / column , f rame =4 , / b a s e _ a l i g n _ c e n t e r )
comment_base = w idge t _ba s e ( i n pu t _b a s e , / column )
odd_base = widge t _ba s e ( row2 , / column )
column2 = widge t _ba s e ( odd_base , / column , f rame =4 , / b a s e _ a l i g n _ c e n t e r )
o b j e c t _ l e a r n i n g _ l a b e l _ b a s e = w idge t _ba s e ( column2 , / row , / a l i g n _ c e n t e r )
f i n d _ o b j e c t _ b a s e = widge t _ba s e ( column2 , / row )
o b j e c t _ l e a r n i n g _ b a s e = widge t _ba s e ( column2 , / row , / a l i g n _ c e n t e r )
a l t e r n a t e _ n ame_b a s e = widge t _ba s e ( column2 , / column )
l e a rn_name_base = widge t _ba s e ( a l t e r n a t e _ n ame_b a s e , / row )
fo rg e t _name_ba s e = widge t _ba s e ( a l t e r n a t e _ n ame_b a s e , / row )
q u i t t i n g _ b a s e = w idge t _ba s e ( odd_base , / row , / a l i g n _ c e n t e r )
s e conda r y_ba s e = widge t _ba s e ( main_base , / column )
d i r e c t o r y _ b a s e = widge t _ba s e ( s e conda ry_ba se , row=7 , f rame =4)
d i r e c t o r y _ l a b e l _ b a s e = widge t _ba s e ( d i r e c t o r y _ b a s e , / column )
c u r r e n t _ b a s e = widge t _ba s e ( d i r e c t o r y _ b a s e , row=2 , f rame =4)
s e a r c h _ c u r r e n t _ b a s e = widge t _ba s e ( c u r r e n t _ b a s e , / n o n e x c l u s i v e )
c h o o s e _ c u r r e n t _ b a s e = widge t _ba s e ( c u r r e n t _ b a s e )
sma r t s _ b a s e = widge t _ba s e ( d i r e c t o r y _ b a s e , row=2 , f rame =4)
s e a r c h _ sma r t s _ b a s e = w idge t _ba s e ( sma r t s _ba s e , / n o n e x c l u s i v e )
c hoo s e_ sma r t s _b a s e = widge t _ba s e ( sma r t s _ b a s e )
a31 i n ch_ba s e = w idge t _ba s e ( d i r e c t o r y _ b a s e , row=2 , f rame =4)
s e a r c h _31 i n c h_b a s e = widge t _ba s e ( a31 inch_base , / n o n e x c l u s i v e )
choo s e_31 inch_ba s e = widge t _ba s e ( a31 i n ch_ba s e )
a42 i n ch_ba s e = w idge t _ba s e ( d i r e c t o r y _ b a s e , row=2 , f rame =4)
s e a r c h _42 i n c h_b a s e = widge t _ba s e ( a42 inch_base , / n o n e x c l u s i v e )
choo s e_42 inch_ba s e = widge t _ba s e ( a42 i n ch_ba s e )
a72 i n ch_ba s e = w idge t _ba s e ( d i r e c t o r y _ b a s e , row=2 , f rame =4)
s e a r c h _72 i n c h_b a s e = widge t _ba s e ( a72 inch_base , / n o n e x c l u s i v e )
choo s e_72 inch_ba s e = widge t _ba s e ( a72 i n ch_ba s e )
o t h e r _ b a s e = widge t _ba s e ( d i r e c t o r y _ b a s e , row=2 , f rame =4)
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s e a r c h _ o t h e r _ b a s e = w idge t _ba s e ( o t h e r _b a s e , / n o n e x c l u s i v e )
c h oo s e _o t h e r _ b a s e = widge t _ba s e ( o t h e r _b a s e , row=2)
f i l t e r _ b a s e = w idge t _ba s e ( s e conda ry_ba se , / column , f rame =4)
f i l t e r _ l a b e l _ b a s e = w idge t _ba s e ( f i l t e r _ b a s e , / colum , / a l i g n _ c e n t e r )
f i l t e r _ o p t i o n _ b a s e = w idge t _ba s e ( f i l t e r _ b a s e , / row , / e x c l u s i v e )
s e a r c h _ o p t i o n s _ b a s e = w idge t _ba s e ( s e conda ry_ba se , / column , f rame =4)
o p t i o n s _ l a b e l _ b a s e = widge t _ba s e ( s e a r c h _ o p t i o n s _ b a s e , / column , / a l i g n _ c e n t e r )
r e c u r s i v e _ b a s e = widge t _ba s e ( s e a r c h _ op t i o n s _ b a s e , / row , / n o n e x c l u s i v e )
d u p l i c a t e _ b a s e = widge t _ba s e ( s e a r c h _ op t i o n s _ b a s e , / row , / n o n e x c l u s i v e )
e nd_op t i o n s _b a s e = w idge t _ba s e ( s e conda ry_ba se , / colum , / nonexc l u s i v e , f rame =4)
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e v a r i o u s o p t i o n s i n t h e d i r e c t o r y menu
;                                                                        
d i r e c t o r y _ l a b e l 1 = w i d g e t _ l a b e l ( d i r e c t o r y _ l a b e l _ b a s e , $
v a l u e = ’ Sea r ch i n t h e s e d i r e c t o r i e s : ’ )
d i r e c t o r y _ l a b e l 2 = w i d g e t _ l a b e l ( d i r e c t o r y _ l a b e l _ b a s e , $
v a l u e = ’ ( mu l t i n i g h t mode on ly ) ’ )
s e a r c h _ c u r r e n t =w i dg e t _ bu t t o n ( s e a r c h _ c u r r e n t _ b a s e , uva l u e = ’ s e a r c h _ c u r r e n t ’ , $
v a l u e = ’ Cu r r e n t D i r e c t o r y ’ )
c h o o s e _ c u r r e n t = widget_combobox ( c hoo s e _ cu r r e n t _ b a s e , uva l u e = ’ psym_cur ren t ’ , $
v a l u e =[ ’ P lus ’ , ’ A s t e r i s k ’ , ’ Pe r iod ’ , ’ Diamond ’ , ’ T r i a ng l e ’ , ’ Square ’ , ’X’ ] )
s e a r c h _ sma r t s = w i dg e t _ bu t t o n ( s e a r c h_ sma r t s _ b a s e , uva l u e = ’ s e a r c h_ sma r t s ’ , $
v a l u e = ’SMARTS Mas te r D i r e c t o r y ’ )
c hoo s e_ sma r t s = widget_combobox ( choose_ sma r t s _ba s e , uva l u e = ’ psym_smarts ’ , $
v a l u e =[ ’ P lus ’ , ’ A s t e r i s k ’ , ’ Pe r iod ’ , ’ Diamond ’ , ’ T r i a ng l e ’ , ’ Square ’ , ’X’ ] )
s e a r c h _31 i n c h = w i dg e t _ bu t t o n ( s e a r c h_31 i n ch_ba s e , uva l u e = ’ s e a r ch_31 i n ch ’ , $
v a l u e = ’31 Inch Mas te r D i r e c t o r y ’ )
choose_31 inch = widget_combobox ( choose_31 inch_base , uva l u e = ’ psym_31inch ’ , $
v a l u e =[ ’ P lus ’ , ’ A s t e r i s k ’ , ’ Pe r iod ’ , ’ Diamond ’ , ’ T r i a n g l e ’ , ’ Square ’ , ’X’ ] )
s e a r c h _42 i n c h = w i dg e t _ bu t t o n ( s e a r c h_42 i n ch_ba s e , uva l u e = ’ s e a r ch_42 i n ch ’ , $
v a l u e = ’42 Inch Mas te r D i r e c t o r y ’ )
choose_42 inch = widget_combobox ( choose_42 inch_base , uva l u e = ’ psym_42inch ’ , $
v a l u e =[ ’ P lus ’ , ’ A s t e r i s k ’ , ’ Pe r iod ’ , ’ Diamond ’ , ’ T r i a n g l e ’ , ’ Square ’ , ’X’ ] )
s e a r c h _72 i n c h = w i dg e t _ bu t t o n ( s e a r c h_72 i n ch_ba s e , uva l u e = ’ s e a r ch_72 i n ch ’ , $
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va l u e = ’72 Inch Mas te r D i r e c t o r y ’ )
choose_72 inch = widget_combobox ( choose_72 inch_base , uva l u e = ’ psym_72inch ’ , $
v a l u e =[ ’ P lus ’ , ’ A s t e r i s k ’ , ’ Pe r iod ’ , ’ Diamond ’ , ’ T r i a ng l e ’ , ’ Square ’ , ’X’ ] )
s e a r c h _ o t h e r = w i dg e t _ bu t t o n ( s e a r c h _ o t h e r _ b a s e , uva l u e = ’ s e a r c h _ o t h e r ’ , $
v a l u e = ’ Othe r : ’ )
u s e r _ s p e c i f i e d _ d i r e c t o r y = w i d g e t _ t e x t ( c hoo s e_o t h e r _ba s e , x s i z e =24 , $
uva l u e = ’ u s e r _ s p e c i f i e d _ d i r e c t o r y ’ , / a l i g n _ c e n t e r , / e d i t a b l e )
c h oo s e _o t h e r = widget_combobox ( choo s e_o t h e r _ba s e , uva l u e = ’ psym_other ’ , $
v a l u e =[ ’ P lus ’ , ’ A s t e r i s k ’ , ’ Pe r iod ’ , ’ Diamond ’ , ’ T r i a n g l e ’ , ’ Square ’ , ’X’ ] )
w i d g e t _ c o n t r o l , c h oo s e _ cu r r e n t , s e t _ c ombobox_ s e l e c t =6
w i d g e t _ c o n t r o l , choose_smar t s , s e t _ c ombobox_ s e l e c t =0
w i d g e t _ c o n t r o l , choose_31 inch , s e t _ c ombobox_ s e l e c t =3
w i d g e t _ c o n t r o l , choose_42 inch , s e t _ c ombobox_ s e l e c t =4
w i d g e t _ c o n t r o l , choose_72 inch , s e t _ c ombobox_ s e l e c t =5
w i d g e t _ c o n t r o l , c hoo s e_o t h e r , s e t _ c ombobox_ s e l e c t =1
symbo l_a r r ay= i n t a r r ( 6 )
symbo l_a r r ay = [ 7 , 1 , 4 , 5 , 6 , 2 ]
; s ymbo l_a r r ay s t o r e s t h e psym va l u e f o r wha t eve r symbol has been chosen f o r t h e 6
; p o s s i b l e d i r e c t o r i e s . The o r d e r goes : c u r r e n t , smar t s , 31 inch , 42 inch , 72 inch ,
; o t h e r a s i n t h e code above . So symbo l_a r r ay ( 0 ) =7 means t h a t t h e symbol f o r d a t a
; t a k en from t h e c u r r e n t d i r e c t o r y w i l l be d i s p l a y e d as an X.
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e v a r i o u s o p t i o n s i n t h e f i l t e r o p t i o n s menu
;                                                                        
f i l t e r _ l a b e l 1 = w i d g e t _ l a b e l ( f i l t e r _ l a b e l _ b a s e , $
v a l u e = ’ F i l t e r Op t i on s : ’ , / a l i g n _ c e n t e r )
f i l t e r _ l a b e l 2 = w i d g e t _ l a b e l ( f i l t e r _ l a b e l _ b a s e , $
v a l u e = ’ ( mu l t i n i g h t mode on ly ) ’ )
u _ f i l t e r = w i dg e t _ bu t t o n ( f i l t e r _ o p t i o n _ b a s e , v a l u e = ’U’ , uva l u e = ’ s e l e c t _ u ’ )
b _ f i l t e r = w i dg e t _ bu t t o n ( f i l t e r _ o p t i o n _ b a s e , v a l u e = ’B’ , uva l u e = ’ s e l e c t _ b ’ )
v _ f i l t e r = w i dg e t _ bu t t o n ( f i l t e r _ o p t i o n _ b a s e , v a l u e = ’V’ , uva l u e = ’ s e l e c t _ v ’ )
r _ f i l t e r = w i dg e t _ bu t t o n ( f i l t e r _ o p t i o n _ b a s e , v a l u e = ’R’ , uva l u e = ’ s e l e c t _ r ’ )
i _ f i l t e r = w i dg e t _ bu t t o n ( f i l t e r _ o p t i o n _ b a s e , v a l u e = ’ I ’ , uva l u e = ’ s e l e c t _ i ’ )
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widg e t _ c o n t r o l , r _ f i l t e r , s e t _ b u t t o n =1
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e v a r i o u s o p t i o n s i n t h e s e a r c h o p t i o n s menu
;                                                                        
o p t i o n s _ l a b e l 1 = w i d g e t _ l a b e l ( o p t i o n s _ l a b e l _ b a s e , $
v a l u e = ’ Sea r ch Op t i on s : ’ , / a l i g n _ c e n t e r )
o p t i o n s _ l a b e l 2 = w i d g e t _ l a b e l ( o p t i o n s _ l a b e l _ b a s e , $
v a l u e = ’ ( mu l t i n i g h t mode on ly ) ’ )
r e c u r s i v e _ o p t i o n = w i dg e t _ bu t t o n ( r e c u r s i v e _ b a s e , uva l u e = ’ s e l e c t _ r e c u r s i v e ’ , $
v a l u e = ’ I n c l u d e Sub D i r e c t o r i e s ’ )
l e g e n d _op t i o n = w i dg e t _ bu t t o n ( d u p l i c a t e _ b a s e , uva l u e = ’ show_legend ’ , $
v a l u e = ’Show Legend Below P l o t ’ )
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e c l o s e ou t o p t i o n s ( q u i t t i n g and s a v i n g )
;                                                                        
s a v e _ t o g g l e = w i dg e t _ bu t t o n ( end_op t i on s_ba s e , v a l u e = ’ Save L i gh t Curve ’ , $
uva l u e = ’ s av e_bu t t on ’ )
DME_toggle = w i dg e t _ bu t t o n ( end_op t i on s_ba s e , v a l u e = ’Keep P r o c e s s i n g F i l e s ’ , $
uva l u e = ’DME_button ’ )
s t o p _ b u t t o n = w i dg e t _ bu t t o n ( q u i t t i n g _ b a s e , uva l u e = ’ stop_command ’ , $
v a l u e = ’ SAVE AND EXIT ’ , / a l i g n _ c e n t e r )
w i d g e t _ c o n t r o l , s a v e_ t ogg l e , s e t _ b u t t o n =1
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e o p t i o n s i n t h e row j u s t unde r t h e p l o t window
;                                                                        
l o a d _ d a t a = w i dg e t _ bu t t o n ( row1_bu t tons , v a l u e = ’ Find Data ’ , uva l u e = ’ s ta r t_command ’ )
r e s t o r e _ b u t t o n = w i dg e t _ bu t t o n ( row1_bu t tons , v a l u e = ’ Re s t o r e De f a u l t s ’ , uva l u e = ’
res tore_command ’ )
s ing l e_mode = w i dg e t _ bu t t o n ( row1_mode , v a l u e = ’ S i n g l e F i l e Mode ’ , $
uva l u e = ’ s i ng l e_mode_bu t t on ’ )
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mult i_mode = w i dg e t _ bu t t o n ( row1_mode , v a l u e = ’ Mu l t i F i l e Mode ’ , $
uva l u e = ’ mul t i_mode_bu t ton ’ )
w i d g e t _ c o n t r o l , s ing le_mode , s e t _ b u t t o n =1
s o u r c e _ f i l e = cw_ f i e l d ( row1_inpu t , t i t l e = ’ Source F i l e o r Ob j e c t : ’ , $
uva l u e = ’ f i l e _ r e c e i v e d ’ , / s t r i n g , / r e t u r n _ e v e n t s , x s i z e =30)
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e o p t i o n s unde r " Magni tudes L im i t s "
;                                                                        
mag_ labe l = w i d g e t _ l a b e l ( mag_base , v a l u e = ’Magni tude L imi t s ’ , / a l i g n _ c e n t e r )
b r i g h t _ i n p u t = cw_ f i e l d ( mag_base , t i t l e = ’ B r i g h t L im i t : ’ , $
/ s t r i n g , uva l u e = ’ b r i g h t _ r e c e i v e d ’ , / r e t u r n _ e v e n t s , x s i z e =6)
f a i n t _ i n p u t = cw_ f i e l d ( mag_base , t i t l e = ’ F a i n t L im i t : ’ , $
/ s t r i n g , uva l u e = ’ f a i n t _ r e c e i v e d ’ , / r e t u r n _ e v e n t s , x s i z e =6)
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e o p t i o n s unde r " Time L im i t s "
;                                                                        
t i m e _ l a b e l = w i d g e t _ l a b e l ( t ime_base , v a l u e = ’Time Limi t s ’ , / a l i g n _ c e n t e r )
xmin_ inpu t = cw_ f i e l d ( t ime_base , t i t l e = ’X Min : ’ , uva l u e = ’ xmin_ rece ived ’ , $
/ s t r i n g , / r e t u r n _ e v e n t s , x s i z e =12)
xmax_input = cw_ f i e l d ( t ime_base , t i t l e = ’X Max : ’ , uva l u e = ’ xmax_rece ived ’ , $
/ s t r i n g , / r e t u r n _ e v e n t s , x s i z e =12)
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e o p t i o n s unde r " Time Op t i on s "
;                                                                        
t i m e _ o p t i o n s _ l a b e l = w i d g e t _ l a b e l ( cho i c e_ba s e , v a l u e = ’ Othe r Opt ions ’ )
dec imal_number = cw_ f i e l d ( cho i c e_ba s e , t i t l e = ’ Decimal P r e c i s i o n : ’ , $
/ i n t e g e r , / r e t u r n _ e v e n t s , x s i z e =3 , uva l u e = ’ d e c ima l _ i npu t ’ )
t i t l e _ i n p u t = cw_ f i e l d ( cho i c e_ba s e , t i t l e = ’ T i t l e : ’ , uva l u e = ’ t i t l e _ i n p u t ’ , $
/ s t r i n g , / r e t u r n _ e v e n t s , x s i z e =24)
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;                                                                        
; Th i s s e c t i o n d e f i n e s t h e commentary window so t h a t t h e u s e r can s ee t h a t
; LCGen i s a c t u a l l y do ing some th ing . Labe led "command log " i n t h e GUI .
;                                                                        
o u t p u t _ l a b e l = w i d g e t _ l a b e l ( comment_base , v a l u e = ’Comment Log ’ )
comment_log = w i d g e t _ t e x t ( comment_base , / s c r o l l , / wrap , x s i z e =85 , y s i z e =7)
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e o p t i o n s f o r l e a r n i n g new o b j e c t names
;                                                                        
l e a r n i n g _ l a b e l = w i d g e t _ l a b e l ( o b j e c t _ l e a r n i n g _ l a b e l _ b a s e , / a l i g n _ c e n t e r , $
v a l u e = ’ Ob j e c t Lea rn ing ’ )
f i n d _ o b j e c t _ i n p u t = cw_ f i e l d ( f i n d _ o b j e c t _ b a s e , t i t l e = ’ Ob j e c t : ’ , / s t r i n g , $
uva l u e = ’ f i n d _ o b j e c t _ i n p u t ’ , / r e t u r n _ e v e n t s , x s i z e =16)
f i n d _ o b j e c t _ b u t t o n = w i dg e t _ bu t t o n ( f i n d _ o b j e c t _ b a s e , v a l u e = ’ Find ’ , $
uva l u e = ’ f i n d _ o b j e c t _ b u t t o n ’ )
l ea rn_name = w i dg e t _ bu t t o n ( o b j e c t _ l e a r n i n g _ b a s e , v a l u e = ’ Learn Th i s Objec t ’ , $
uva l u e = ’ l e a r n _ o b j e c t _ b u t t o n ’ )
f o rge t _name = w i dg e t _ bu t t o n ( o b j e c t _ l e a r n i n g _ b a s e , v a l u e = ’ Fo r g e t Th i s Objec t ’ , $
uva l u e = ’ f o r g e t _ o b j e c t _ b u t t o n ’ )
l e a r n _ a l t e r n a t e _ i n p u t = cw_ f i e l d ( l ea rn_name_base , t i t l e = ’ Learn Name : ’ , $
/ s t r i n g , uva l u e = ’ l e a r n _ a l t e r n a t e _ i n p u t ’ , x s i z e =16 , / r e t u r n _ e v e n t s )
l e a r n _ b u t t o n = w i dg e t _ bu t t o n ( l ea rn_name_base , v a l u e = ’ S t a r t ’ , $
uva l u e = ’ l e a r n _ a l t e r n a t e _ b u t t o n ’ )
f o r g e t _ a l t e r n a t e _ i n p u t = cw_ f i e l d ( fo rge t_name_base , t i t l e = ’ Fo r g e t Name : ’ , $
/ s t r i n g , uva l u e = ’ f o r g e t _ a l t e r n a t e _ i n p u t ’ , x s i z e =16 , / r e t u r n _ e v e n t s )
f o r g e t _ b u t t o n = w i dg e t _ bu t t o n ( fo rge t_name_base , v a l u e = ’ S t a r t ’ , $
uva l u e = ’ f o r g e t _ a l t e r n a t e _ b u t t o n ’ )
;                                                                        
; Th i s s e c t i o n s c an s t h e working d i r e c t o r y f o r any . l og f i l e s and l i s t s
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; them in t h e comment l og . I f i t f i n d s any , i t a l s o p u t s t h e f i r s t one
; i n t o t h e ’ s ou r c e f i l e o r o b j e c t ’ p a r ame t e r .
;                                                                        
i = f i x ( 0 )
f i l e t e s t = f i l e _ s e a r c h ( ’ * . log ’ , coun t = i )
i f ( i eq 0 ) t h en beg in
w i d g e t _ c o n t r o l , comment_log , / append , s e t _ v a l u e =$
’No . l og f i l e s found i n working d i r e c t o r y . ’
e n d i f e l s e beg in
w i d g e t _ c o n t r o l , s o u r c e _ f i l e , s e t _ v a l u e = f i l e t e s t ( 0 )
w i d g e t _ c o n t r o l , comment_log , / append , s e t _ v a l u e =$
’ Found ’ + s t r t r i m ( s t r i n g ( i ) , 2 ) + ’ . l og f i l e ( s ) i n working d i r e c t o r y : ’
j = f i x ( 0 )
wh i l e ( j l t i ) do beg in
w i d g e t _ c o n t r o l , comment_log , / append , s e t _ v a l u e = ’ ’ + f i l e t e s t ( j )
j = j +1
endwh i l e
e n d e l s e
;                                                                        
; Th i s s e c t i o n s c an s t h e working d i r e c t o r y f o r any . t x t f i l e s and l i s t s
; them in t h e comment l og .
;                                                                        
widg e t _ c o n t r o l , comment_log , / append , s e t _ v a l u e = ’ ’
i = f i x ( 0 )
f i l e t e s t = f i l e _ s e a r c h ( ’ * . app r . * . t x t ’ , coun t = i )
i f ( i eq 0 ) t h en beg in
w i d g e t _ c o n t r o l , comment_log , / append , s e t _ v a l u e =$
’No . t x t f i l e s found i n working d i r e c t o r y . ’
e n d i f e l s e beg in
w i d g e t _ c o n t r o l , comment_log , / append , s e t _ v a l u e =$
’ Found ’ + s t r t r i m ( s t r i n g ( i ) , 2 ) + ’ . t x t f i l e ( s ) i n working d i r e c t o r y : ’
j = f i x ( 0 )
wh i l e ( j l t i ) do beg in
w i d g e t _ c o n t r o l , comment_log , / append , s e t _ v a l u e = ’ ’ + f i l e t e s t ( j )
j = j +1
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endwh i l e
e n d e l s e
w i d g e t _ c o n t r o l , comment_log , / append , s e t _ v a l u e = ’ ’
;                                                                        
; Th i s s e c t i o n r e n d e r s s e v e r a l i n p u t s t h a t s hou l d no t be a v a i l a b l e t o t h e
; u s e r u n t i l mu l t i mode i s chosen or a l i g h t cu rve has been c r e a t e d i n e r t .
;                                                                        
widg e t _ c o n t r o l , s e a r c h _ op t i o n s _ b a s e , s e n s i t i v e =0 ; These 3 l i n e s d i s a b l e
w i d g e t _ c o n t r o l , f i l t e r _ b a s e , s e n s i t i v e =0 ; t h e mu l t i  f i l e o p t i o n s
w i d g e t _ c o n t r o l , d i r e c t o r y _ b a s e , s e n s i t i v e =0 ; i n t h e r i g h t column
w i d g e t _ c o n t r o l , column1 , s e n s i t i v e =0 ; D i s a b l e s l i g h t cu rve
; man i p u l a t i o n o p t i o n s
w i d g e t _ c o n t r o l , c h oo s e _ cu r r e n t , s e n s i t i v e =1
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e s t a r t i n g / d e f a u l t v a l u e s f o r s e v e r a l v a r i a b l e s .
;                                                                        
s i n g l e _m u l t i = ’ s i n g l e ’
d e c_va l = ’ ( d12 . 3 ) ’
w i d g e t _ c o n t r o l , decimal_number , s e t _ v a l u e =3
s e l e c t e d _ f i l t e r = ’ r ’
s a v e _ f i l e = ’ yes ’
save_DME= ’no ’
o b j e c t _ o f _ i n t e r e s t = ’ ’
c r e a t e d _ l i g h t _ c u r v e = ’no ’
name_ to_ l e a r n = ’ nu l l ’
n ame_ t o_ f o r g e t = ’ nu l l ’
r e c u r s i v e _ o n = ’ yes ’
show_legend = ’ yes ’
s e a r c h _ c u r r e n t _ o n = ’ yes ’
s e a r c h_ sma r t s _ on = ’no ’
s e a r ch_31 i n ch_on = ’no ’
s e a r ch_42 i n ch_on = ’no ’
s e a r ch_72 i n ch_on = ’no ’
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se a r c h _ o t h e r _ o n = ’no ’
good_pathway = ’no ’
w i d g e t _ c o n t r o l , r e c u r s i v e _ o p t i o n , s e t _ b u t t o n =1
w i d g e t _ c o n t r o l , l e g end_op t i o n , s e t _ b u t t o n =1
w i d g e t _ c o n t r o l , s e a r c h _ c u r r e n t , s e t _ b u t t o n =1
;                                                                        
; Th i s s e c t i o n r e a l i z e s ( c r e a t e s ) a l l o f t h e above w idge t s and g e t s them
; r e ady t o a c c e p t u s e r i n p u t .
;                                                                        
widg e t _ c o n t r o l , main_base , s e t _ u v a l u e =comment_log
w i d g e t _ c o n t r o l , main_base , / r e a l i z e




; Th i s s e c t i o n d e f i n e s t h e v a r i a b l e s h e l d i n common between t h e ev en t h a n d l e r
; and t h e GUI c r e a t i o n h a l v e s o f t h e s c r i p t . I t i s n e c e s s a r y t o d e f i n e them
; t h i s way so t h a t bo th h a l v e s o f t h e s c r i p t can communicate wi th each o t h e r .
;                                                                            
;                                                                            
COMMON othe r , s i n g l e _mu l t i , s o u r c e _ f i l e , num_data , s e l e c t e d _ f i l t e r , $
s a v e _ f i l e , save_DME , c r e a t e d _ l i g h t _ c u r v e , r emove_pegaso r t , p s_ f i l e_name , $
r e c u r s i v e _ on , show_legend , t i t l e _ i n p u t , s t o p _ b u t t o n
COMMON BaseWidgets , column1 , d i r e c t o r y _ b a s e , f i l t e r _ b a s e , s e a r c h _ o p t i o n s _ b a s e
COMMON MinMax , xmin_ inpu t , xmax_input , f a i n t _ i n p u t , b r i g h t _ i n p u t , d e c_va l
COMMON axes , t ime , mag , e r r o r , xmin , xmax , f a i n t , b r i g h t , $
xmin_or ig , xmax_orig , f a i n t _ o r i g , b r i g h t _ o r i g , ob j ec t_name
COMMON Objec tLea rn i ng , ob j e c t _name_a r r ay , o b j e c t _ o f _ i n t e r e s t , name_ to_ l ea rn , $
n ame_ t o_ f o r g e t
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COMMON Mu l t i F i l e s , s e a r c h _ c u r r e n t , s e a r c h _ c u r r e n t _ o n , c h oo s e _ c u r r e n t , $
s e a r c h_ sma r t s , s e a r ch_ sma r t s _on , choose_smar t s , $
s e a r ch_31 i n ch , s e a r ch_31 inch_on , choose_31 inch , $
s e a r ch_42 i n ch , s e a r ch_42 inch_on , choose_42 inch , $
s e a r ch_72 i n ch , s e a r ch_72 inch_on , choose_72 inch , $
s e a r c h _ o t h e r , s e a r c h_o t h e r _on , choo s e_o t h e r , symbo l_a r r ay , $
use r_pa thway , good_pathway
end
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B.2 LCGen - Input (Subscript)
The following is a subscript to lcgen.pro. It reads in output files from CCDPhot and passes data to the main
script detailing such information as the magnitude range, time range, object name, filter used, etc. This
information is used first to determine if the data in the file matches the object/filter under study, and if so is
used to set the size of the time and magnitude axes for the resulting light curve.
; Th i s f u n c t i o n i s c a l l e d by t h e LCGen mas t e r s c r i p t . I t examines a g iven f i l e and
; d e t e rm i n e s t h e f o l l ow i n g v a l u e s i n an a r r a y c a l l e d ’ i n p u t _ a r r a y ’ :
; i n p u t _ a r r a y ( 0 ) = o b j e c t name
; i n p u t _ a r r a y ( 1 ) = t ime min
; i n p u t _ a r r a y ( 2 ) = t ime max
; i n p u t _ a r r a y ( 3 ) = f a i n t e s t magn i tude
; i n p u t _ a r r a y ( 4 ) = b r i g h t e s t magn i tude
; i n p u t _ a r r a y ( 5 ) = f i l t e r used
; i n p u t _ a r r a y ( 6 ) =number o f d a t a p o i n t s
; i n p u t _ a r r a y ( 7 ) =remove p e g a s o r t o u t p u t f i l e command <  Le f t b l ank i n mu l t i v e r s i o n
; i n p u t _ a r r a y ( 8 ) =name of o u t p u t f i l e
; The f u n c t i o n a l s o p o p u l a t e s t h e t ime , magni tude , and e r r o r a r r a y s wi th v a l u e s r e ad
; from t h e s ou r c e f i l e . The LCGen mas t e r s c r i p t can p i ck up on t h e i r c o n t e n t s w i t h ou t
; a f o rma l r e t u r n s t a t em e n t . Usefu l , t h a t .
; Th i s f u n c t i o n u s e s t h e i r a f s c r i p t s ’ p e g a c a l i b ’ , ’ pega l c ’ , and ’ p eg a s o r t ’
;NOTE: u n l i k e a l l o f t h e o t h e r s u b s c r i p t s f o r LCGen , t h e i r a f s c r i p t s a r e
; l o c a t e d a t : / u s r / l o c a l /PEGA/ b in ( i n s t e a d o f / u s r / l o c a l /PEGA/ i d l _ l i b )
f u n c t i o n l c g e n_ i n pu t , s o u r c e _ o b j e c t , t ime , mag , e r r , comment_id
dummy= s t r a r r ( 4 )
dummy= s t r s p l i t ( s o u r c e _ o b j e c t , ’ . ’ , / e x t r a c t )
;                                                                        
; The f o l l ow i n g i f s t a t em e n t h a nd l e s t h e t a s k s s p e c i f i c t o . l og f i l e s t h a t
; do NOT need t o be done f o r . t x t f i l e s .
;                                                                        
i f ( dummy ( 4 ) eq ’ log ’ ) t h en beg in
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widg e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Running PegaSo r t ( u pd a t e s w i l l a ppea r i n i d l window ) ’
; t h e f o l l ow i n g two commands w i l l c a l l t h e i r a f s c r i p t ’ p e g a s o r t ’
command_pegasor t = ’ p e g a s o r t ’ + dummy ( 0 ) + ’ . ’ + dummy ( 1 ) + ’ . ’ + dummy ( 2 ) + $
’ . ’ + dummy ( 3 )
spawn , command_pegasor t
; t h e f o l l ow i n g two command c r e a t e s a s t r i n g f o r use i n t h e main s c r i p t ’ s " Qu i t "
r emove_pega so r t = ’rm ’+dummy ( 0 ) + ’ . ’+dummy ( 1 ) + ’ . ’+dummy ( 2 ) + ’ . ’+dummy ( 3 ) + ’ . t x t ’
; f i n d t h e . comp f i l e i n t h e working d i r e c t o r y
f i lename_comp= f i n d f i l e ( ’ * . comp ’ )
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Running PegaCa l i b ( u pd a t e s w i l l a ppea r i n i d l window ) ’
; t h e f o l l ow i n g two commands w i l l c a l l t h e i r a f s c r i p t ’ p e g a c a l i b ’
command_pegacal ib = ’ p e g a c a l i b ’+dummy ( 0 ) + ’ . ’+dummy ( 1 ) + ’ . ’+dummy ( 2 ) + ’ . ’+ $
dummy ( 3 ) + ’ . t x t ’+ f i l ename_comp + ’ ’+dummy ( 2 ) + ’ > ’+dummy ( 0 ) + ’ . ’+dummy ( 1 ) +$
’ . app r . ’+dummy ( 3 ) + ’ . t x t ’
spawn , command_pegacal ib
t x t f i l e =dummy ( 0 ) + ’ . ’+dummy ( 1 ) + ’ . app r . ’+dummy ( 3 ) + ’ . t x t ’
e n d i f e l s e beg in
t x t f i l e = s o u r c e _ o b j e c t
r emove_pega so r t = ’ ’
e n d e l s e
p s _ f i l e _n ame=dummy ( 0 ) + ’ . ’ + dummy ( 1 ) + ’ . ps ’
;                                                                        
; Th i s s e c t i o n d e f i n e s t h e i n p u t _ a r r a y , t h en f i n d s t h e o b j e c t name and
; f i l t e r i n f o rm a t i o n .
;                                                                        
widg e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
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’ Reading i n t h e d a t a and f i n d i n g t h e t ime / mag l i m i t s . ’
t ime= d b l a r r ( 1 ) ; These 3 a r r a y s w i l l be expanded
mag= d b l a r r ( 1 ) ; t o wha t eve r s i z e i s needed l a t e r .
e r r = d b l a r r ( 1 ) ; Th i s j u s t d e f i n e s them f o r now .
i n p u t _ a r r a y = s t r a r r ( 9 )
i n p u t _ a r r a y ( 0 ) = s t r u p c a s e (dummy ( 1 ) ) ; o b j e c t name i s now known
openr , 1 , t x t f i l e
openw , 2 , ’ d a t e_mag_e r r . da t ’
r e a d _ d a t a = ’ ’
j = f i x ( 0 )
i = f i x ( 0 )
b r i gh t_mag =100.0 ; These a r e MENT to have v a l u e s backward
dim_mag= 100.0 ; from what t h e names s u g g e s t .
j u l h i g h =0 .0
j u l l ow =99999999.0
wh i l e ( no t eo f ( 1 ) ) do beg in
r e ad f , 1 , r e a d _ d a t a
s p l i t _ s t r i n g = s t r s p l i t ( r e a d_da t a , ’ ’ , / e x t r a c t )
a r r a y _ s i z e = s i z e ( s p l i t _ s t r i n g , / n_e l emen t s )
i f ( s p l i t _ s t r i n g ( 2 ) ne ’JD ’ ) t h en beg in
t ime= cong r i d ( t ime , j +1) ; Th i s dynam i c a l l y i n c r e a s e s t h e s i z e
mag= cong r i d (mag , j +1) ; o f t h e d a t a a r r a y s .
e r r = c ong r i d ( e r r , j +1)
t ime ( j ) = doub l e ( s p l i t _ s t r i n g ( 2 ) )
mag ( j ) = doub l e ( s p l i t _ s t r i n g ( 9 ) )
e r r ( j ) = doub l e ( s p l i t _ s t r i n g ( a r r a y _ s i z e  2) )
i f ( t ime ( j ) g t j u l h i g h ) t h en j u l h i g h = t ime ( j )
i f ( t ime ( j ) l t j u l l ow ) t h en j u l l ow = t ime ( j )
i f (mag ( j ) g t dim_mag ) t h en dim_mag = mag ( j ) + e r r ( j )
i f (mag ( j ) l t b r i gh t_mag ) t h en b r igh t_mag = mag ( j )   e r r ( j )
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p r i n t _ l i n e = s t r i n g ( t ime ( j ) , f o rma t = ’ ( d013 . 5 ) ’ ) + ’ ’ + $
s t r i n g (mag ( j ) , f o rma t = ’ ( d06 . 3 ) ’ ) + ’ ’ + $
s t r i n g ( e r r ( j ) , f o rma t = ’ ( d06 . 3 ) ’ )
p r i n t f , 2 , p r i n t _ l i n e
e n d i f
j = j +1
endwh i l e
c l o s e , 1
c l o s e , 2
num_elements= j i
;                                                                        
; The a b s o l u t e l i m i t s i n t e rms of d a t a a r e now known , bu t on a p l o t you
; don ’ t want your d a t a r i g h t on t h e edge of t h e l i g h t cu rve . Th i s s e c t i o n
; expands t h e t ime a x i s by 1 /20 t h o f t h e r ange of d a t e s , t h en pushes t h e y
; a x i s t o t h e n e a r e s t 0 . 5 magn i t udes based on t h e b r i g h t / dim l i m i t s ( p l u s
; t h e i r e r r o r , a s found above ) .
;                                                                        
t i m e _ s c a l e _ f a c t o r =( j u l h i g h j u l l ow ) / 2 0 . 0
j u l h i g h = j u l h i g h + t i m e _ s c a l e _ f a c t o r
j u l l ow = j u l l ow   t i m e _ s c a l e _ f a c t o r
new_b r i gh t = f l o o r ( b r i gh t_mag )
d i f f e r e n c e = b r igh t_mag   new_b r i gh t
i f ( d i f f e r e n c e ge 0 . 5 ) t h en b r igh t_mag = ( new_b r i gh t + 0 . 5 ) $
e l s e b r i gh t_mag = new_b r i gh t
new_dim = c e i l ( dim_mag )
d i f f e r e n c e = new_dim   dim_mag
i f ( d i f f e r e n c e ge 0 . 5 ) t h en dim_mag = ( new_dim   0 . 5 ) $
e l s e dim_mag = new_dim
;                                                                        
; Th i s s e c t i o n r e c o r d e s t h e max / min v a l u e s o f t h e t ime s and mags i n t h e
; i n p u t a r r a y , t h en p a s s e s t h e now comple t e a r r a y back t o LCGen .
353
;                                                                        
; i n p u t _ a r r a y ( 0 ) , t h e o b j e c t name , t a k en from f i l e name e a r l i e r i n s c r i p t
i n p u t _ a r r a y ( 1 ) = s t r i n g ( j u l l ow , f o rma t = ’ ( d15 . 6 ) ’ )
i n p u t _ a r r a y ( 2 ) = s t r i n g ( j u l h i g h , f o rma t = ’ ( d15 . 6 ) ’ )
i n p u t _ a r r a y ( 3 ) = s t r i n g ( dim_mag )
i n p u t _ a r r a y ( 4 ) = s t r i n g ( b r i gh t_mag )
i n p u t _ a r r a y ( 5 ) = s p l i t _ s t r i n g ( 1 ) ; t h i s i s t h e f i l t e r , r e ad from t h e l a s t l i n e
; o f t h e d a t a f i l e ( . t x t v e r s i o n )
i n p u t _ a r r a y ( 6 ) =num_elements ; t h i s i s t h e number o f d a t a p o i n t s
i n p u t _ a r r a y ( 7 ) = r emove_pega so r t
i n p u t _ a r r a y ( 8 ) = p s_ f i l e _n ame
r e t u r n , i n p u t _ a r r a y
end
354
B.3 LCGen - Multi (Subscript)
The following is a subscript to lcgen.pro. It handles the file search in multi-night mode, tracking down all
available data for the selected object / filter / telescope(s). It then copies the matching data files to a working
directory and prints out a file detailing where in the main PEGA directories the data was found, in the event
that the user wants to back-track to the original image files.
pro l c g en_mu l t i , ob j e c t _name_a r r ay , s e l e c t e d _ f i l t e r , r e c u r s i v e _ on , s e a r ch_ sma r t s _on , $
s ea r ch_31 inch_on , s e a r ch_42 inch_on , s e a r ch_72 inch_on , $
s e a r c h_o t h e r _on , s e a r c h _ c u r r e n t _ o n , comment_id , u se r_pa thway
; Th i s i s a s u b s c r i p t i n t e n d e d t o be c a l l e d by l c g en . p ro . I t i s i n t e n d e d t o run an
; au tomated , r e c u r i s i v e f i l e s e a r c h f o r d a t a on a g iven o b j e c t / f i l t e r . When i t f i n d s
; t h e r e q u e s t e d da t a , i t c o p i e s t h e . app r . t x t f i l e t o t h e working d i r e c t o r y , t h en
; combines i t i n t o a s i n g l e mas t e r f i l e . I t c o p i e s t h e f i l e pa thways i n t o a t x t f i l e ,
; t h en d e l e t e s t h e o r i g i n a l f i l e s s i n c e t h ey a r e no l o n g e r needed . I t t h en p a s s e s t h e
; mas t e r d a t a f i l e t o l c g e n _ p l o t t o c r e a t e long t e rm l i g h t c u r v e s .
; Note : t h i s s c r i p t once c o n t a i n e d an o p t i o n t o NOT run t h e check / d e l e t i o n o f
; d u p l i c a t e e n t r i e s . Th i s was i n c l u d e d becau se i t was t h ough t p r i o r t o b u i l d i n g
; t h e s c r i p t t h a t t h i s s t e p would t a k e a wh i l e . I t t u r n s ou t t h a t i t goes ve ry
; r a p i d l y , however , so t h e o p t i o n was removed t o make room f o r an o p t i o n t o p r i n t
; o r no t p r i n t a l eg end f o r t h e o u t p u t ( h a nd l e s i n l c g e n _ p l o t ) .
; F i r s t , s e e i f t h e s e a r c h _ r e s u l t s d i r e c t o r y a l r e a d y e x i s t s from a p r i o r s e a r c h .
; I f so , d e l e t e i t . O the rwise , u s e r may be combin ing d a t a from mu l t i p l e o b j e c t s .
t e s t = f i l e _ t e s t ( ’ s e a r c h _ r e s u l t s ’ , / d i r e c t o r y )
i f ( t e s t eq 1 ) t h en f i l e _ d e l e t e , ’ s e a r c h _ r e s u l t s ’ , / r e c u r s i v e
;Now t h e r e a l work b eg i n s
num_names= s i z e ( ob j e c t _name_a r r ay , / n_e l emen t s )
f i l e _mkd i r , ’ s e a r c h _ r e s u l t s ’
; Turn t h e c u r s o r i n t o an h o u r g l a s s so t h e u s e r knows t h e s c r i p t i s s t i l l r u nn i ng
WIDGET_CONTROL, /HOURGLASS
; The f o l l ow i n g a r e a few v a r i a b l e s t h a t w i l l keep t r a c k o f some u s e f u l i n f o f o r
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; t h e o u t p u t a r r a y . They a r e MENT to have s t a r t i n g v a l u e s backwards from what
; t h e names s u g g e s t .
f a i n t e s t _m a g = 1000.0
b r i g h t e s t _mag =1000.0
f i r s t _ j u l i a n =999999999.0
l a s t _ j u l i a n =0 .0
;                                                         
;CASE 1 : I f t h e u s e r wants d a t a from t h e c u r r e n t d i r e c t o r y
;                                                         
i f ( s e a r c h _ c u r r e n t _ o n eq ’ yes ’ ) t h en beg in
da t a _ f ound = ’no ’
j = f i x ( 0 )
k= f i x ( 0 )
u s e f u l _ f i l e s = s t r a r r ( 1 )
u s e f u l _ f i l e s ( 0 ) = ’ ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S e a r c h i ng f o r o b j e c t f i l e s i n t h e c u r r e n t d i r e c t o r y . ’
wh i l e ( k l t num_names ) do beg in
o b j e c t = ob j e c t _ n ame_a r r a y ( k )
s e a r c h _ s t r i n g = ’* . ’+ o b j e c t + ’* . app r . * . t x t ’
; Th i s i f s t a t em e n t d e a l s w i th t h e r e c u r s i v e / non r e c u r s i v e f i l e s e a r c h
i f ( r e c u r s i v e _ o n eq ’ no ’ ) t h en f o u n d _ f i l e s = f i l e _ s e a r c h ( s e a r c h _ s t r i n g ) $
e l s e f o u n d _ f i l e s = f i l e _ s e a r c h ( ’ . ’ , s e a r c h _ s t r i n g , / f u l l y _ q u a l i f y _ p a t h )
i f ( s t r l e n ( f o u n d _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n checks t o s ee i f t h e c o r r e c t f i l t e r was used on t h e found f i l e s
; Those t h a t p a s s a r e cop i ed i n t o t h e ’ u s e f u l _ f i l e s ’ a r r a y
num_ f i l e s = s i z e ( f o u n d _ f i l e s , / n_e l emen t s )
i = f i x ( 0 )
wh i l e ( i l t n um_ f i l e s ) do beg in
num_l ines= f i l e _ l i n e s ( f o u n d _ f i l e s ( i ) )
temp= s t r a r r ( num_l ine s )
openr , 1 , f o u n d _ f i l e s ( i )
r e ad f , 1 , temp
c l o s e , 1
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f o o l = s t r s p l i t ( temp ( 1 ) , ’ ’ , / e x t r a c t )
i f ( s t r l ow c a s e ( f o o l ( 1 ) ) eq s e l e c t e d _ f i l t e r ) t h en beg in
da t a _ f ound = ’ yes ’
emp ty_a r r ay= s t r a r r ( 1 )
u s e f u l _ f i l e s = [ [ u s e f u l _ f i l e s ] , [ emp ty_a r r ay ] ]
u s e f u l _ f i l e s ( j ) = f o u n d _ f i l e s ( i )
j = j +1
e n d i f
i = i +1
endwh i l e
e n d i f
k=k+1
endwh i l e
i f ( d a t a _ f ound eq ’ yes ’ ) t h en $
u s e f u l _ f i l e s =[ u s e f u l _ f i l e s [ 0 : s i z e ( u s e f u l _ f i l e s , / n_e l emen t s )  2]]
i f ( s t r l e n ( u s e f u l _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n c o p i e s t h e u s e f u l f i l e s i n t o a working d i r e c t o r y
; Note : d u p l i c a t e f i l e s a r e o v e rw r i t t e n , o t h e rw i s e t h e f i l e _ c o p y s c r i p t b r e a k s
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ Found ’ + $
s t r t r i m ( s t r i n g ( j ) , 2 ) + ’ o b j e c t f i l e s . Copying t o working d i r e c t o r y . ’
f i l e _mkd i r , ’ s e a r c h _ r e s u l t s / c u r r e n t ’
f i l e _ c o py , u s e f u l _ f i l e s , ’ s e a r c h _ r e s u l t s / c u r r e n t ’ , / o v e rw r i t e
; Th i s l oop c r e a t e s t h e . d a t f i l e c o n t a i n i n g t h e o r i g i n a l l o c a t i o n s o f t h e f i l e s .
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / c u r r e n t _ d i r e c t o r y . da t ’
wh i l e ( i l t j ) do beg in
p r i n t f , 1 , u s e f u l _ f i l e s ( i )
i = i +1
endwh i l e
c l o s e , 1
; Th i s s e c t i o n l o a d s a l l o f t h e d a t a i n t h e u s e f u l f i l e s i n t o a mas t e r a r r a y .
i = f i x ( 0 )
ma s t e r _ a r r a y = s t r a r r ( 1 )
t emp_a r r ay= s t r a r r ( 1 )
t emp_s i z e = f i x ( 0 )
wh i l e ( i l t j ) do beg in
b i l l y = s t r s p l i t ( u s e f u l _ f i l e s ( i ) , ’ / ’ , / e x t r a c t )
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bob= s i z e ( b i l l y , / n_e l emen t s )
o p e n _ f i l e = ’ s e a r c h _ r e s u l t s / c u r r e n t / ’ + b i l l y ( bob 1)
t emp_s i z e = f i l e _ l i n e s ( o p e n _ f i l e )
t emp_a r r ay= cong r i d ( t emp_ar ray , t emp_s i z e )
openr , 1 , o p e n _ f i l e
r e ad f , 1 , t emp_a r r ay
c l o s e , 1
i f ( i eq 0 ) t h en ma s t e r _ a r r a y = t emp_a r r ay e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y , t emp_a r r ay ]
i = i +1
endwh i l e
; Alas , l c g en has neve r hand l ed non c h r o n o l o g i c a l o r d e r f i l e s . The handy IDL
; s o r t command can s t i l l be used , bu t becau se we need t o s o r t by t h e t h i r d column
; r a t h e r t h an t h e l a s t i t becomes a b i t more c omp l i c a t e d .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S o r t i n g d a t a from c u r r e n t d i r e c t o r y by d a t e . ’
i = f i x ( 0 )
t emp_a r r ay= s t r a r r ( s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) )
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
s p l i t _ s t r i n g = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
t emp_a r r ay ( i ) = s p l i t _ s t r i n g ( 2 )
i = i +1
endwh i l e
s o r t _ i n d e x = s o r t ( t emp_a r r ay )
ma s t e r _ a r r a y =ma s t e r _ a r r a y ( s o r t _ i n d e x )
;Now, r e s i z e t h e a r r a y t o g e t r i d o f t h e heade r l i n e s . He l p f u l l y , t h e s o r t i n g
; has en su r ed t h a t t h e s e l i n e s w i l l be t h e l a s t ones i n t h e a r r a y . The r e f o r e ,
; use t h e s i z e , where , and s t rm a t c h commands t o f i n d ou t how many l i n e s c o n t a i n
; h e ade r i n f o rm a t i o n ( i e , l i n e s s t a r t i n g wi th " image " ) , t h en s h r i n k t h e a r r a y
; by t h a t many l i n e s .
num_headers= s i z e ( where ( s t rm a t c h ( ma s t e r _ a r r a y , ’ image * ’ ) ) , / n_e l emen t s ) +1
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) num_headers ] ]
;Now, i f t h e u s e r wants t h e s c r i p t t o do so , t h e mas t e r f i l e w i l l be checked f o r
; d u p l i c a t e e n t r i e s . Any such d u p l i c a t e s w i l l be d e l e t e d . Th i s won ’ t be s t r i c t l y
; needed f o r j u s t p l o t i n g t h e d a t a ( e x a c t d u p l i c a t e s w i l l j u s t be p l o t t e d on top
; o f each o t h e r , a f t e r a l l ) , bu t i f any s o r t o f d a t a a n a l y s i s i s t o be done on t h e
; mas t e r f i l e hav ing d a t a e n t e r e d i n tw i c e cou ld l e a d t o f a l s e ave r age s , e t c .
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widg e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Removing d u p l i c a t e e n t r i e s from c u r r e n t d i r e c t o r y d a t a . ’
i = f i x ( 0 )
k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
wh i l e ( i l t k ) do beg in
j = i +1
wh i l e ( j l e k ) do beg in
i f ( m a s t e r _ a r r a y ( i ) eq ma s t e r _ a r r a y ( j ) ) t h en beg in
i f ( j eq k ) t h en ma s t e r _ a r r a y =ma s t e r _ a r r a y [ 0 : k 1] e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : j  1] , m a s t e r _ a r r a y [ j +1 : k ] ]
k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
e n d i f e l s e j = j +1
endwh i l e
i = i +1
endwh i l e
; Th i s s e c t i o n checks t h e d a t a a g a i n s t t h e mag / j u l i a n l i m i t s and t h en
; changes t h e l i m i t s i f a d a t a p o i n t i s beyond them . Note : i n each l i n e ,
; t h e j u l i a n day w i l l be t h e t h i r d en t r y , wh i l e t h e mag w i l l be t h e t h i r d
; from t h e l a s t .
i = f i x ( 0 )
j = s i z e ( ma s t e r _ a r r a y , / n_e l emen t s )
wh i l e ( i l t j ) do beg in
a l i c e = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
i f ( a l i c e ( 2 ) g t l a s t _ j u l i a n ) t h en l a s t _ j u l i a n = a l i c e ( 2 )
i f ( a l i c e ( 2 ) l t f i r s t _ j u l i a n ) t h en f i r s t _ j u l i a n = a l i c e ( 2 )
i f ( a l i c e ( 9 ) g t f a i n t e s t _m a g ) t h en f a i n t e s t _ma g = a l i c e ( 9 )
i f ( a l i c e ( 9 ) l t b r i g h t e s t _mag ) t h en b r i g h t e s t _mag = a l i c e ( 9 )
i = i +1
endwh i l e
; And a t l ong l a s t , t h e d a t a i s p r i n t e d ou t t o a f i l e
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sav ing d a t a from c u r r e n t d i r e c t o r y t o f i l e _ s e a r c h . c u r r e n t _ d i r e c t o r y . t x t ’
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . c u r r e n t _ d i r e c t o r y . t x t ’
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
p r i n t f , 1 , m a s t e r _ a r r a y ( i )
i = i +1
endwh i l e
c l o s e , 1
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en d i f e l s e w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sea r ch f a i l u r e : unab l e t o f i n d d a t a on t h i s o b j e c t i n c u r r e n t d i r e c t o r y . ’
e n d i f
;                                                        
;CASE 2 : I f t h e u s e r wants d a t a from t h e sma r t s d i r e c t o r y
;                                                        
we_have_a_problem = ’no ’
i f ( s e a r c h_ sma r t s _ on eq ’ yes ’ ) t h en beg in
da t a _ f ound = ’no ’
j = f i x ( 0 )
k= f i x ( 0 )
u s e f u l _ f i l e s = s t r a r r ( 1 )
u s e f u l _ f i l e s ( 0 ) = ’ ’
f o u n d _ f i l e s = s t r a r r ( 1 )
f o u n d _ f i l e s ( 0 ) = ’ ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S e a r c h i ng f o r o b j e c t f i l e s i n t h e sma r t s d i r e c t o r y . ( Th i s may t a k e a wh i l e ! ) ’
wh i l e ( k l t num_names ) do beg in
o b j e c t = ob j e c t _ n ame_a r r a y ( k )
s e a r c h _ s t r i n g = ’* . ’+ o b j e c t + ’* . app r . * . t x t ’
d i r e c t o r y = ’ / n f s / compton3 / p ega_da t a / sma r t s / o p t i c a l _ d a t a ’
; Th i s i f s t a t em e n t d e a l s w i th t h e r e c u r s i v e / non r e c u r s i v e f i l e s e a r c h
i f ( r e c u r s i v e _ o n eq ’ no ’ ) t h en beg in
we_have_a_problem = ’ yes ’
GOTO, JUMP_smarts
e n d i f e l s e f o u n d _ f i l e s = f i l e _ s e a r c h ( d i r e c t o r y , s e a r c h _ s t r i n g , / f u l l y _ q u a l i f y _ p a t h )
i f ( s t r l e n ( f o u n d _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n checks t o s ee i f t h e c o r r e c t f i l t e r was used on t h e found f i l e s
; Those t h a t p a s s a r e cop i ed i n t o t h e ’ u s e f u l _ f i l e s ’ a r r a y
num_ f i l e s = s i z e ( f o u n d _ f i l e s , / n_e l emen t s )
i = f i x ( 0 )
wh i l e ( i l t n um_ f i l e s ) do beg in
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num_l ines= f i l e _ l i n e s ( f o u n d _ f i l e s ( i ) )
temp= s t r a r r ( num_l ine s )
openr , 1 , f o u n d _ f i l e s ( i )
r e ad f , 1 , temp
c l o s e , 1
f o o l = s t r s p l i t ( temp ( 1 ) , ’ ’ , / e x t r a c t )
i f ( s t r l ow c a s e ( f o o l ( 1 ) ) eq s e l e c t e d _ f i l t e r ) t h en beg in
da t a _ f ound = ’ yes ’
emp ty_a r r ay= s t r a r r ( 1 )
u s e f u l _ f i l e s = [ [ u s e f u l _ f i l e s ] , [ emp ty_a r r ay ] ]
u s e f u l _ f i l e s ( j ) = f o u n d _ f i l e s ( i )
j = j +1
e n d i f
i = i +1
endwh i l e
e n d i f
k=k+1
endwh i l e
i f ( d a t a _ f ound eq ’ yes ’ ) t h en $
u s e f u l _ f i l e s =[ u s e f u l _ f i l e s [ 0 : s i z e ( u s e f u l _ f i l e s , / n_e l emen t s )  2]]
i f ( s t r l e n ( u s e f u l _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n c o p i e s t h e u s e f u l f i l e s i n t o a working d i r e c t o r y
; Note : d u p l i c a t e f i l e s a r e o v e rw r i t t e n , o t h e rw i s e t h e f i l e _ c o p y s c r i p t b r e a k s
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ Found ’ + $
s t r t r i m ( s t r i n g ( j ) , 2 ) + ’ o b j e c t f i l e s . Copying t o working d i r e c t o r y . ’
f i l e _mkd i r , ’ s e a r c h _ r e s u l t s / smar t s ’
f i l e _ c o py , u s e f u l _ f i l e s , ’ s e a r c h _ r e s u l t s / smar t s ’ , / o v e rw r i t e
; Th i s l oop c r e a t e s t h e . d a t f i l e c o n t a i n i n g t h e o r i g i n a l l o c a t i o n s o f t h e f i l e s .
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / sm a r t s _ d i r e c t o r y . da t ’
wh i l e ( i l t j ) do beg in
p r i n t f , 1 , u s e f u l _ f i l e s ( i )
i = i +1
endwh i l e
c l o s e , 1
; Th i s s e c t i o n l o a d s a l l o f t h e d a t a i n t h e u s e f u l f i l e s i n t o a mas t e r a r r a y .
i = f i x ( 0 )
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ma s t e r _ a r r a y = s t r a r r ( 1 )
t emp_a r r ay= s t r a r r ( 1 )
t emp_s i z e = f i x ( 0 )
wh i l e ( i l t j ) do beg in
b i l l y = s t r s p l i t ( u s e f u l _ f i l e s ( i ) , ’ / ’ , / e x t r a c t )
bob= s i z e ( b i l l y , / n_e l emen t s )
o p e n _ f i l e = ’ s e a r c h _ r e s u l t s / sma r t s / ’ + b i l l y ( bob 1)
t emp_s i z e = f i l e _ l i n e s ( o p e n _ f i l e )
t emp_a r r ay= cong r i d ( t emp_ar ray , t emp_s i z e )
openr , 1 , o p e n _ f i l e
r e ad f , 1 , t emp_a r r ay
c l o s e , 1
i f ( i eq 0 ) t h en ma s t e r _ a r r a y = t emp_a r r ay e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y , t emp_a r r ay ]
i = i +1
endwh i l e
; Alas , l c g en has neve r hand l ed non c h r o n o l o g i c a l o r d e r f i l e s . The handy IDL
; s o r t command can s t i l l be used , bu t becau se we need t o s o r t by t h e t h i r d column
; r a t h e r t h an t h e l a s t i t becomes a b i t more c omp l i c a t e d .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S o r t i n g d a t a from sma r t s d i r e c t o r y by d a t e . ’
i = f i x ( 0 )
t emp_a r r ay= s t r a r r ( s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) )
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
s p l i t _ s t r i n g = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
t emp_a r r ay ( i ) = s p l i t _ s t r i n g ( 2 )
i = i +1
endwh i l e
s o r t _ i n d e x = s o r t ( t emp_a r r ay )
ma s t e r _ a r r a y =ma s t e r _ a r r a y ( s o r t _ i n d e x )
;Now, r e s i z e t h e a r r a y t o g e t r i d o f t h e heade r l i n e s . He l p f u l l y , t h e s o r t i n g
; has en su r ed t h a t t h e s e l i n e s w i l l be t h e l a s t ones i n t h e a r r a y . The r e f o r e ,
; a l l t h a t must be done i s t o c u t o f f t h e mas t e r a r r a y a t t h e e l emen t marked as
; t h e s i z e o f t h e a r r a y   t h e number o f f i l e s t h a t went i n t o i t ( s t o r e d i n " j " ) .
num_headers= s i z e ( where ( s t rm a t c h ( ma s t e r _ a r r a y , ’ image * ’ ) ) , / n_e l emen t s ) +1
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) num_headers ] ]
;Now, r e s i z e t h e a r r a y t o g e t r i d o f t h e heade r l i n e s . He l p f u l l y , t h e s o r t i n g
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; has en su r ed t h a t t h e s e l i n e s w i l l be t h e l a s t ones i n t h e a r r a y . The r e f o r e ,
; use t h e s i z e , where , and s t rm a t c h commands t o f i n d ou t how many l i n e s c o n t a i n
; h e ade r i n f o rm a t i o n ( i e , l i n e s s t a r t i n g wi th " image " ) , t h en s h r i n k t h e a r r a y
; by t h a t many l i n e s .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Removing d u p l i c a t e e n t r i e s from sma r t s d i r e c t o r y d a t a . ’
i = f i x ( 0 )
k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
wh i l e ( i l t k ) do beg in
j = i +1
wh i l e ( j l e k ) do beg in
i f ( m a s t e r _ a r r a y ( i ) eq ma s t e r _ a r r a y ( j ) ) t h en beg in
i f ( j eq k ) t h en ma s t e r _ a r r a y =ma s t e r _ a r r a y [ 0 : k 1] e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : j  1] , m a s t e r _ a r r a y [ j +1 : k ] ]
k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
e n d i f e l s e j = j +1
endwh i l e
i = i +1
endwh i l e
; Th i s s e c t i o n checks t h e d a t a a g a i n s t t h e mag / j u l i a n l i m i t s and t h en
; changes t h e l i m i t s i f a d a t a p o i n t i s beyond them . Note : i n each l i n e ,
; t h e j u l i a n day w i l l be t h e t h i r d en t r y , wh i l e t h e mag w i l l be t h e t h i r d
; from t h e l a s t .
i = f i x ( 0 )
j = s i z e ( ma s t e r _ a r r a y , / n_e l emen t s )
wh i l e ( i l t j ) do beg in
a l i c e = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
i f ( a l i c e ( 2 ) g t l a s t _ j u l i a n ) t h en l a s t _ j u l i a n = a l i c e ( 2 )
i f ( a l i c e ( 2 ) l t f i r s t _ j u l i a n ) t h en f i r s t _ j u l i a n = a l i c e ( 2 )
i f ( a l i c e ( 9 ) g t f a i n t e s t _m a g ) t h en f a i n t e s t _ma g = a l i c e ( 9 )
i f ( a l i c e ( 9 ) l t b r i g h t e s t _mag ) t h en b r i g h t e s t _mag = a l i c e ( 9 )
i = i +1
endwh i l e
; And a t l ong l a s t , t h e d a t a i s p r i n t e d ou t t o a f i l e
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sav ing d a t a from sma r t s d i r e c t o r y t o f i l e _ s e a r c h . sm a r t s _ d i r e c t o r y . t x t ’
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . sm a r t s _ d i r e c t o r y . t x t ’
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
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p r i n t f , 1 , m a s t e r _ a r r a y ( i )
i = i +1
endwh i l e
c l o s e , 1
e n d i f e l s e w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sea r ch f a i l u r e : unab l e t o f i n d d a t a on t h i s o b j e c t i n sma r t s d i r e c t o r y . ’
e n d i f
; Th i s jump s t a t em e n t a p p l i e s i f t h e u s e r t r i e s t o look f o r sma r t s d a t a wi th t h e
; r e c u r s i v e o p t i o n t u r n e d o f f . Due t o t h e way f i l e s a r e o rgan i z ed , t h i s w i l l n eve r
; r e t u r n any f i l e s and would o t h e rw i s e b r e ak t h e s c r i p t .
;AND YES , I KNOW GOTO STATEMENTS ARE SIGNS OF SLOPPY CODING!
;BUT IT WORKS, SO NO COMMENTS!
JUMP_smarts : i f ( we_have_a_problem eq ’ yes ’ ) t h en w i d g e t _ c o n t r o l , comment_id , / append , $
s e t _ v a l u e = ’ ERROR: mas t e r d i r e c t o r y s e a r c h e s MUST i n c l u d e sub d i r e c t o r i e s ’
;                                                        
;CASE 3 : I f t h e u s e r wants d a t a from t h e 31 i n ch d i r e c t o r y
;                                                        
we_have_a_problem = ’no ’
i f ( s e a r c h_31 i n ch_on eq ’ yes ’ ) t h en beg in
da t a _ f ound = ’no ’
j = f i x ( 0 )
k= f i x ( 0 )
u s e f u l _ f i l e s = s t r a r r ( 1 )
u s e f u l _ f i l e s ( 0 ) = ’ ’
f o u n d _ f i l e s = s t r a r r ( 1 )
f o u n d _ f i l e s ( 0 ) = ’ ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S e a r c h i ng f o r o b j e c t f i l e s i n t h e 31 i n ch d i r e c t o r y . ( Th i s may t a k e a wh i l e ! ) ’
wh i l e ( k l t num_names ) do beg in
o b j e c t = ob j e c t _ n ame_a r r a y ( k )
s e a r c h _ s t r i n g = ’* . ’+ o b j e c t + ’* . app r . * . t x t ’
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d i r e c t o r y = ’ / n f s / compton3 / p ega_da t a / 31 _inch ’
; Th i s i f s t a t em e n t d e a l s w i th t h e r e c u r s i v e / non r e c u r s i v e f i l e s e a r c h
i f ( r e c u r s i v e _ o n eq ’ no ’ ) t h en beg in
we_have_a_problem = ’ yes ’
GOTO, JUMP_31inch
e n d i f e l s e f o u n d _ f i l e s = f i l e _ s e a r c h ( d i r e c t o r y , s e a r c h _ s t r i n g , / f u l l y _ q u a l i f y _ p a t h )
i f ( s t r l e n ( f o u n d _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n checks t o s ee i f t h e c o r r e c t f i l t e r was used on t h e found f i l e s
; Those t h a t p a s s a r e cop i ed i n t o t h e ’ u s e f u l _ f i l e s ’ a r r a y
num_ f i l e s = s i z e ( f o u n d _ f i l e s , / n_e l emen t s )
i = f i x ( 0 )
wh i l e ( i l t n um_ f i l e s ) do beg in
num_l ines= f i l e _ l i n e s ( f o u n d _ f i l e s ( i ) )
temp= s t r a r r ( num_l ine s )
openr , 1 , f o u n d _ f i l e s ( i )
r e ad f , 1 , temp
c l o s e , 1
f o o l = s t r s p l i t ( temp ( 1 ) , ’ ’ , / e x t r a c t )
i f ( s t r l ow c a s e ( f o o l ( 1 ) ) eq s e l e c t e d _ f i l t e r ) t h en beg in
da t a _ f ound = ’ yes ’
emp ty_a r r ay= s t r a r r ( 1 )
u s e f u l _ f i l e s = [ [ u s e f u l _ f i l e s ] , [ emp ty_a r r ay ] ]
u s e f u l _ f i l e s ( j ) = f o u n d _ f i l e s ( i )
j = j +1
e n d i f
i = i +1
endwh i l e
e n d i f
k=k+1
endwh i l e
i f ( d a t a _ f ound eq ’ yes ’ ) t h en $
u s e f u l _ f i l e s =[ u s e f u l _ f i l e s [ 0 : s i z e ( u s e f u l _ f i l e s , / n_e l emen t s )  2]]
i f ( s t r l e n ( u s e f u l _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n c o p i e s t h e u s e f u l f i l e s i n t o a working d i r e c t o r y
; Note : d u p l i c a t e f i l e s a r e o v e rw r i t t e n , o t h e rw i s e t h e f i l e _ c o p y s c r i p t b r e a k s
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ Found ’ + $
s t r t r i m ( s t r i n g ( j ) , 2 ) + ’ o b j e c t f i l e s . Copying t o working d i r e c t o r y . ’
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f i l e _mkd i r , ’ s e a r c h _ r e s u l t s / 31 inch ’
f i l e _ c o py , u s e f u l _ f i l e s , ’ s e a r c h _ r e s u l t s / 31 inch ’ , / o v e rw r i t e
; Th i s l oop c r e a t e s t h e . d a t f i l e c o n t a i n i n g t h e o r i g i n a l l o c a t i o n s o f t h e f i l e s .
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / 31 i n c h _ d i r e c t o r y . da t ’
wh i l e ( i l t j ) do beg in
p r i n t f , 1 , u s e f u l _ f i l e s ( i )
i = i +1
endwh i l e
c l o s e , 1
; Th i s s e c t i o n l o a d s a l l o f t h e d a t a i n t h e u s e f u l f i l e s i n t o a mas t e r a r r a y .
i = f i x ( 0 )
ma s t e r _ a r r a y = s t r a r r ( 1 )
t emp_a r r ay= s t r a r r ( 1 )
t emp_s i z e = f i x ( 0 )
wh i l e ( i l t j ) do beg in
b i l l y = s t r s p l i t ( u s e f u l _ f i l e s ( i ) , ’ / ’ , / e x t r a c t )
bob= s i z e ( b i l l y , / n_e l emen t s )
o p e n _ f i l e = ’ s e a r c h _ r e s u l t s / 31 i n ch / ’ + b i l l y ( bob 1)
t emp_s i z e = f i l e _ l i n e s ( o p e n _ f i l e )
t emp_a r r ay= cong r i d ( t emp_ar ray , t emp_s i z e )
openr , 1 , o p e n _ f i l e
r e ad f , 1 , t emp_a r r ay
c l o s e , 1
i f ( i eq 0 ) t h en ma s t e r _ a r r a y = t emp_a r r ay e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y , t emp_a r r ay ]
i = i +1
endwh i l e
; Alas , l c g en has neve r hand l ed non c h r o n o l o g i c a l o r d e r f i l e s . The handy IDL
; s o r t command can s t i l l be used , bu t becau se we need t o s o r t by t h e t h i r d column
; r a t h e r t h an t h e l a s t i t becomes a b i t more c omp l i c a t e d .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S o r t i n g d a t a from 31 in ch d i r e c t o r y by d a t e . ’
i = f i x ( 0 )
t emp_a r r ay= s t r a r r ( s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) )
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
s p l i t _ s t r i n g = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
t emp_a r r ay ( i ) = s p l i t _ s t r i n g ( 2 )
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i = i +1
endwh i l e
s o r t _ i n d e x = s o r t ( t emp_a r r ay )
ma s t e r _ a r r a y =ma s t e r _ a r r a y ( s o r t _ i n d e x )
;Now, r e s i z e t h e a r r a y t o g e t r i d o f t h e heade r l i n e s . He l p f u l l y , t h e s o r t i n g
; has en su r ed t h a t t h e s e l i n e s w i l l be t h e l a s t ones i n t h e a r r a y . The r e f o r e ,
; a l l t h a t must be done i s t o c u t o f f t h e mas t e r a r r a y a t t h e e l emen t marked as
; t h e s i z e o f t h e a r r a y   t h e number o f f i l e s t h a t went i n t o i t ( s t o r e d i n " j " ) .
num_headers= s i z e ( where ( s t rm a t c h ( ma s t e r _ a r r a y , ’ image * ’ ) ) , / n_e l emen t s ) +1
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) num_headers ] ]
;Now, r e s i z e t h e a r r a y t o g e t r i d o f t h e heade r l i n e s . He l p f u l l y , t h e s o r t i n g
; has en su r ed t h a t t h e s e l i n e s w i l l be t h e l a s t ones i n t h e a r r a y . The r e f o r e ,
; use t h e s i z e , where , and s t rm a t c h commands t o f i n d ou t how many l i n e s c o n t a i n
; h e ade r i n f o rm a t i o n ( i e , l i n e s s t a r t i n g wi th " image " ) , t h en s h r i n k t h e a r r a y
; by t h a t many l i n e s .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Removing d u p l i c a t e e n t r i e s from 31 in ch d i r e c t o r y d a t a . ’
i = f i x ( 0 )
k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
wh i l e ( i l t k ) do beg in
j = i +1
wh i l e ( j l e k ) do beg in
i f ( m a s t e r _ a r r a y ( i ) eq ma s t e r _ a r r a y ( j ) ) t h en beg in
i f ( j eq k ) t h en ma s t e r _ a r r a y =ma s t e r _ a r r a y [ 0 : k 1] e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : j  1] , m a s t e r _ a r r a y [ j +1 : k ] ]
k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
e n d i f e l s e j = j +1
endwh i l e
i = i +1
endwh i l e
; Th i s s e c t i o n checks t h e d a t a a g a i n s t t h e mag / j u l i a n l i m i t s and t h en
; changes t h e l i m i t s i f a d a t a p o i n t i s beyond them . Note : i n each l i n e ,
; t h e j u l i a n day w i l l be t h e t h i r d en t r y , wh i l e t h e mag w i l l be t h e t h i r d
; from t h e l a s t .
i = f i x ( 0 )
j = s i z e ( ma s t e r _ a r r a y , / n_e l emen t s )
wh i l e ( i l t j ) do beg in
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a l i c e = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
i f ( a l i c e ( 2 ) g t l a s t _ j u l i a n ) t h en l a s t _ j u l i a n = a l i c e ( 2 )
i f ( a l i c e ( 2 ) l t f i r s t _ j u l i a n ) t h en f i r s t _ j u l i a n = a l i c e ( 2 )
i f ( a l i c e ( 9 ) g t f a i n t e s t _m a g ) t h en f a i n t e s t _ma g = a l i c e ( 9 )
i f ( a l i c e ( 9 ) l t b r i g h t e s t _mag ) t h en b r i g h t e s t _mag = a l i c e ( 9 )
i = i +1
endwh i l e
; And a t l ong l a s t , t h e d a t a i s p r i n t e d ou t t o a f i l e
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sav ing d a t a from 31 in ch d i r e c t o r y t o f i l e _ s e a r c h . 31 i n c h _ d i r e c t o r y . t x t ’
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 31 i n c h _ d i r e c t o r y . t x t ’
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
p r i n t f , 1 , m a s t e r _ a r r a y ( i )
i = i +1
endwh i l e
c l o s e , 1
e n d i f e l s e w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sea r ch f a i l u r e : unab l e t o f i n d d a t a on t h i s o b j e c t i n 31 i n ch d i r e c t o r y . ’
e n d i f
; Th i s jump s t a t em e n t a p p l i e s i f t h e u s e r t r i e s t o look f o r sma r t s d a t a wi th t h e
; r e c u r s i v e o p t i o n t u r n e d o f f . Due t o t h e way f i l e s a r e o rgan i z ed , t h i s w i l l n eve r
; r e t u r n any f i l e s and would o t h e rw i s e b r e ak t h e s c r i p t .
;AND YES , I KNOW GOTO STATEMENTS ARE SIGNS OF SLOPPY CODING!
;BUT IT WORKS SO NO COMMENTS!
JUMP_31inch : i f ( we_have_a_problem eq ’ yes ’ ) t h en w i d g e t _ c o n t r o l , comment_id , / append , $
s e t _ v a l u e = ’ ERROR: mas t e r d i r e c t o r y s e a r c h e s MUST i n c l u d e sub d i r e c t o r i e s ’
;                                                        
;CASE 4 : I f t h e u s e r wants d a t a from t h e 42 i n ch d i r e c t o r y
;                                                        
we_have_a_problem = ’no ’
i f ( s e a r c h_42 i n ch_on eq ’ yes ’ ) t h en beg in
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da t a_ f ound = ’no ’
j = f i x ( 0 )
k= f i x ( 0 )
u s e f u l _ f i l e s = s t r a r r ( 1 )
u s e f u l _ f i l e s ( 0 ) = ’ ’
f o u n d _ f i l e s = s t r a r r ( 1 )
f o u n d _ f i l e s ( 0 ) = ’ ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S e a r c h i ng f o r o b j e c t f i l e s i n t h e 42 i n ch d i r e c t o r y . ( Th i s may t a k e a wh i l e ! ) ’
wh i l e ( k l t num_names ) do beg in
o b j e c t = ob j e c t _ n ame_a r r a y ( k )
s e a r c h _ s t r i n g = ’* . ’+ o b j e c t + ’* . app r . * . t x t ’
d i r e c t o r y = ’ / n f s / compton3 / p ega_da t a / 42 _inch ’
; Th i s i f s t a t em e n t d e a l s w i th t h e r e c u r s i v e / non r e c u r s i v e f i l e s e a r c h
i f ( r e c u r s i v e _ o n eq ’ no ’ ) t h en beg in
we_have_a_problem = ’ yes ’
GOTO, JUMP_42inch
e n d i f e l s e f o u n d _ f i l e s = f i l e _ s e a r c h ( d i r e c t o r y , s e a r c h _ s t r i n g , / f u l l y _ q u a l i f y _ p a t h )
i f ( s t r l e n ( f o u n d _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n checks t o s ee i f t h e c o r r e c t f i l t e r was used on t h e found f i l e s
; Those t h a t p a s s a r e cop i ed i n t o t h e ’ u s e f u l _ f i l e s ’ a r r a y
num_ f i l e s = s i z e ( f o u n d _ f i l e s , / n_e l emen t s )
i = f i x ( 0 )
wh i l e ( i l t n um_ f i l e s ) do beg in
num_l ines= f i l e _ l i n e s ( f o u n d _ f i l e s ( i ) )
temp= s t r a r r ( num_l ine s )
openr , 1 , f o u n d _ f i l e s ( i )
r e ad f , 1 , temp
c l o s e , 1
f o o l = s t r s p l i t ( temp ( 1 ) , ’ ’ , / e x t r a c t )
i f ( s t r l ow c a s e ( f o o l ( 1 ) ) eq s e l e c t e d _ f i l t e r ) t h en beg in
da t a _ f ound = ’ yes ’
emp ty_a r r ay= s t r a r r ( 1 )
u s e f u l _ f i l e s = [ [ u s e f u l _ f i l e s ] , [ emp ty_a r r ay ] ]
u s e f u l _ f i l e s ( j ) = f o u n d _ f i l e s ( i )
j = j +1
e n d i f
i = i +1
369
endwh i l e
e n d i f
k=k+1
endwh i l e
i f ( d a t a _ f ound eq ’ yes ’ ) t h en $
u s e f u l _ f i l e s =[ u s e f u l _ f i l e s [ 0 : s i z e ( u s e f u l _ f i l e s , / n_e l emen t s )  2]]
i f ( s t r l e n ( u s e f u l _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n c o p i e s t h e u s e f u l f i l e s i n t o a working d i r e c t o r y
; Note : d u p l i c a t e f i l e s a r e o v e rw r i t t e n , o t h e rw i s e t h e f i l e _ c o p y s c r i p t b r e a k s
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ Found ’ + $
s t r t r i m ( s t r i n g ( j ) , 2 ) + ’ o b j e c t f i l e s . Copying t o working d i r e c t o r y . ’
f i l e _mkd i r , ’ s e a r c h _ r e s u l t s / 42 inch ’
f i l e _ c o py , u s e f u l _ f i l e s , ’ s e a r c h _ r e s u l t s / 42 inch ’ , / o v e rw r i t e
; Th i s l oop c r e a t e s t h e . d a t f i l e c o n t a i n i n g t h e o r i g i n a l l o c a t i o n s o f t h e f i l e s .
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / 42 i n c h _ d i r e c t o r y . da t ’
wh i l e ( i l t j ) do beg in
p r i n t f , 1 , u s e f u l _ f i l e s ( i )
i = i +1
endwh i l e
c l o s e , 1
; Th i s s e c t i o n l o a d s a l l o f t h e d a t a i n t h e u s e f u l f i l e s i n t o a mas t e r a r r a y .
i = f i x ( 0 )
ma s t e r _ a r r a y = s t r a r r ( 1 )
t emp_a r r ay= s t r a r r ( 1 )
t emp_s i z e = f i x ( 0 )
wh i l e ( i l t j ) do beg in
b i l l y = s t r s p l i t ( u s e f u l _ f i l e s ( i ) , ’ / ’ , / e x t r a c t )
bob= s i z e ( b i l l y , / n_e l emen t s )
o p e n _ f i l e = ’ s e a r c h _ r e s u l t s / 42 i n ch / ’ + b i l l y ( bob 1)
t emp_s i z e = f i l e _ l i n e s ( o p e n _ f i l e )
t emp_a r r ay= cong r i d ( t emp_ar ray , t emp_s i z e )
openr , 1 , o p e n _ f i l e
r e ad f , 1 , t emp_a r r ay
c l o s e , 1
i f ( i eq 0 ) t h en ma s t e r _ a r r a y = t emp_a r r ay e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y , t emp_a r r ay ]
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i = i +1
endwh i l e
; Alas , l c g en has neve r hand l ed non c h r o n o l o g i c a l o r d e r f i l e s . The handy IDL
; s o r t command can s t i l l be used , bu t becau se we need t o s o r t by t h e t h i r d column
; r a t h e r t h an t h e l a s t i t becomes a b i t more c omp l i c a t e d .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S o r t i n g d a t a from 42 in ch d i r e c t o r y by d a t e . ’
i = f i x ( 0 )
t emp_a r r ay= s t r a r r ( s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) )
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
s p l i t _ s t r i n g = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
t emp_a r r ay ( i ) = s p l i t _ s t r i n g ( 2 )
i = i +1
endwh i l e
s o r t _ i n d e x = s o r t ( t emp_a r r ay )
ma s t e r _ a r r a y =ma s t e r _ a r r a y ( s o r t _ i n d e x )
;Now, r e s i z e t h e a r r a y t o g e t r i d o f t h e heade r l i n e s . He l p f u l l y , t h e s o r t i n g
; has en su r ed t h a t t h e s e l i n e s w i l l be t h e l a s t ones i n t h e a r r a y . The r e f o r e ,
; a l l t h a t must be done i s t o c u t o f f t h e mas t e r a r r a y a t t h e e l emen t marked as
; t h e s i z e o f t h e a r r a y   t h e number o f f i l e s t h a t went i n t o i t ( s t o r e d i n " j " ) .
num_headers= s i z e ( where ( s t rm a t c h ( ma s t e r _ a r r a y , ’ image * ’ ) ) , / n_e l emen t s ) +1
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) num_headers ] ]
;Now, r e s i z e t h e a r r a y t o g e t r i d o f t h e heade r l i n e s . He l p f u l l y , t h e s o r t i n g
; has en su r ed t h a t t h e s e l i n e s w i l l be t h e l a s t ones i n t h e a r r a y . The r e f o r e ,
; use t h e s i z e , where , and s t rm a t c h commands t o f i n d ou t how many l i n e s c o n t a i n
; h e ade r i n f o rm a t i o n ( i e , l i n e s s t a r t i n g wi th " image " ) , t h en s h r i n k t h e a r r a y
; by t h a t many l i n e s .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Removing d u p l i c a t e e n t r i e s from 42 in ch d i r e c t o r y d a t a . ’
i = f i x ( 0 )
k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
wh i l e ( i l t k ) do beg in
j = i +1
wh i l e ( j l e k ) do beg in
i f ( m a s t e r _ a r r a y ( i ) eq ma s t e r _ a r r a y ( j ) ) t h en beg in
i f ( j eq k ) t h en ma s t e r _ a r r a y =ma s t e r _ a r r a y [ 0 : k 1] e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : j  1] , m a s t e r _ a r r a y [ j +1 : k ] ]
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k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
e n d i f e l s e j = j +1
endwh i l e
i = i +1
endwh i l e
; Th i s s e c t i o n checks t h e d a t a a g a i n s t t h e mag / j u l i a n l i m i t s and t h en
; changes t h e l i m i t s i f a d a t a p o i n t i s beyond them . Note : i n each l i n e ,
; t h e j u l i a n day w i l l be t h e t h i r d en t r y , wh i l e t h e mag w i l l be t h e t h i r d
; from t h e l a s t .
i = f i x ( 0 )
j = s i z e ( ma s t e r _ a r r a y , / n_e l emen t s )
wh i l e ( i l t j ) do beg in
a l i c e = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
i f ( a l i c e ( 2 ) g t l a s t _ j u l i a n ) t h en l a s t _ j u l i a n = a l i c e ( 2 )
i f ( a l i c e ( 2 ) l t f i r s t _ j u l i a n ) t h en f i r s t _ j u l i a n = a l i c e ( 2 )
i f ( a l i c e ( 9 ) g t f a i n t e s t _m a g ) t h en f a i n t e s t _ma g = a l i c e ( 9 )
i f ( a l i c e ( 9 ) l t b r i g h t e s t _mag ) t h en b r i g h t e s t _mag = a l i c e ( 9 )
i = i +1
endwh i l e
; And a t l ong l a s t , t h e d a t a i s p r i n t e d ou t t o a f i l e
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sav ing d a t a from 42 in ch d i r e c t o r y t o f i l e _ s e a r c h . 42 i n c h _ d i r e c t o r y . t x t ’
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 42 i n c h _ d i r e c t o r y . t x t ’
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
p r i n t f , 1 , m a s t e r _ a r r a y ( i )
i = i +1
endwh i l e
c l o s e , 1
e n d i f e l s e w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sea r ch f a i l u r e : unab l e t o f i n d d a t a on t h i s o b j e c t i n 42 i n ch d i r e c t o r y . ’
e n d i f
; Th i s jump s t a t em e n t a p p l i e s i f t h e u s e r t r i e s t o look f o r sma r t s d a t a wi th t h e
; r e c u r s i v e o p t i o n t u r n e d o f f . Due t o t h e way f i l e s a r e o rgan i z ed , t h i s w i l l n eve r
; r e t u r n any f i l e s and would o t h e rw i s e b r e ak t h e s c r i p t .
;AND YES , I KNOW GOTO STATEMENTS ARE SIGNS OF SLOPPY CODING!
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;BUT IT WORKS, SO NO COMMENTS!
JUMP_42inch : i f ( we_have_a_problem eq ’ yes ’ ) t h en w i d g e t _ c o n t r o l , comment_id , / append , $
s e t _ v a l u e = ’ ERROR: mas t e r d i r e c t o r y s e a r c h e s MUST i n c l u d e sub d i r e c t o r i e s ’
;                                                        
;CASE 5 : I f t h e u s e r wants d a t a from t h e 72 i n ch d i r e c t o r y
;                                                        
we_have_a_problem = ’no ’
i f ( s e a r c h_72 i n ch_on eq ’ yes ’ ) t h en beg in
da t a _ f ound = ’no ’
j = f i x ( 0 )
k= f i x ( 0 )
u s e f u l _ f i l e s = s t r a r r ( 1 )
u s e f u l _ f i l e s ( 0 ) = ’ ’
f o u n d _ f i l e s = s t r a r r ( 1 )
f o u n d _ f i l e s ( 0 ) = ’ ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S e a r c h i ng f o r o b j e c t f i l e s i n t h e 72 i n ch d i r e c t o r y . ( Th i s may t a k e a wh i l e ! ) ’
wh i l e ( k l t num_names ) do beg in
o b j e c t = ob j e c t _ n ame_a r r a y ( k )
s e a r c h _ s t r i n g = ’* . ’+ o b j e c t + ’* . app r . * . t x t ’
d i r e c t o r y = ’ / n f s / compton3 / p ega_da t a / 72 _inch ’
; Th i s i f s t a t em e n t d e a l s w i th t h e r e c u r s i v e / non r e c u r s i v e f i l e s e a r c h
i f ( r e c u r s i v e _ o n eq ’ no ’ ) t h en beg in
we_have_a_problem = ’ yes ’
GOTO, JUMP_72inch
e n d i f e l s e f o u n d _ f i l e s = f i l e _ s e a r c h ( d i r e c t o r y , s e a r c h _ s t r i n g , / f u l l y _ q u a l i f y _ p a t h )
i f ( s t r l e n ( f o u n d _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n checks t o s ee i f t h e c o r r e c t f i l t e r was used on t h e found f i l e s
; Those t h a t p a s s a r e cop i ed i n t o t h e ’ u s e f u l _ f i l e s ’ a r r a y
num_ f i l e s = s i z e ( f o u n d _ f i l e s , / n_e l emen t s )
i = f i x ( 0 )
wh i l e ( i l t n um_ f i l e s ) do beg in
num_l ines= f i l e _ l i n e s ( f o u n d _ f i l e s ( i ) )
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temp= s t r a r r ( num_l ine s )
openr , 1 , f o u n d _ f i l e s ( i )
r e ad f , 1 , temp
c l o s e , 1
f o o l = s t r s p l i t ( temp ( 1 ) , ’ ’ , / e x t r a c t )
i f ( s t r l ow c a s e ( f o o l ( 1 ) ) eq s e l e c t e d _ f i l t e r ) t h en beg in
da t a _ f ound = ’ yes ’
emp ty_a r r ay= s t r a r r ( 1 )
u s e f u l _ f i l e s = [ [ u s e f u l _ f i l e s ] , [ emp ty_a r r ay ] ]
u s e f u l _ f i l e s ( j ) = f o u n d _ f i l e s ( i )
j = j +1
e n d i f
i = i +1
endwh i l e
e n d i f
k=k+1
endwh i l e
i f ( d a t a _ f ound eq ’ yes ’ ) t h en $
u s e f u l _ f i l e s =[ u s e f u l _ f i l e s [ 0 : s i z e ( u s e f u l _ f i l e s , / n_e l emen t s )  2]]
i f ( s t r l e n ( u s e f u l _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n c o p i e s t h e u s e f u l f i l e s i n t o a working d i r e c t o r y
; Note : d u p l i c a t e f i l e s a r e o v e rw r i t t e n , o t h e rw i s e t h e f i l e _ c o p y s c r i p t b r e a k s
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ Found ’ + $
s t r t r i m ( s t r i n g ( j ) , 2 ) + ’ o b j e c t f i l e s . Copying t o working d i r e c t o r y . ’
f i l e _mkd i r , ’ s e a r c h _ r e s u l t s / 72 inch ’
f i l e _ c o py , u s e f u l _ f i l e s , ’ s e a r c h _ r e s u l t s / 72 inch ’ , / o v e rw r i t e
; Th i s l oop c r e a t e s t h e . d a t f i l e c o n t a i n i n g t h e o r i g i n a l l o c a t i o n s o f t h e f i l e s .
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / 72 i n c h _ d i r e c t o r y . da t ’
wh i l e ( i l t j ) do beg in
p r i n t f , 1 , u s e f u l _ f i l e s ( i )
i = i +1
endwh i l e
c l o s e , 1
; Th i s s e c t i o n l o a d s a l l o f t h e d a t a i n t h e u s e f u l f i l e s i n t o a mas t e r a r r a y .
i = f i x ( 0 )
ma s t e r _ a r r a y = s t r a r r ( 1 )
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temp_a r r ay= s t r a r r ( 1 )
t emp_s i z e = f i x ( 0 )
wh i l e ( i l t j ) do beg in
b i l l y = s t r s p l i t ( u s e f u l _ f i l e s ( i ) , ’ / ’ , / e x t r a c t )
bob= s i z e ( b i l l y , / n_e l emen t s )
o p e n _ f i l e = ’ s e a r c h _ r e s u l t s / 72 i n ch / ’ + b i l l y ( bob 1)
t emp_s i z e = f i l e _ l i n e s ( o p e n _ f i l e )
t emp_a r r ay= cong r i d ( t emp_ar ray , t emp_s i z e )
openr , 1 , o p e n _ f i l e
r e ad f , 1 , t emp_a r r ay
c l o s e , 1
i f ( i eq 0 ) t h en ma s t e r _ a r r a y = t emp_a r r ay e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y , t emp_a r r ay ]
i = i +1
endwh i l e
; Alas , l c g en has neve r hand l ed non c h r o n o l o g i c a l o r d e r f i l e s . The handy IDL
; s o r t command can s t i l l be used , bu t becau se we need t o s o r t by t h e t h i r d column
; r a t h e r t h an t h e l a s t i t becomes a b i t more c omp l i c a t e d .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S o r t i n g d a t a from 72 in ch d i r e c t o r y by d a t e . ’
i = f i x ( 0 )
t emp_a r r ay= s t r a r r ( s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) )
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
s p l i t _ s t r i n g = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
t emp_a r r ay ( i ) = s p l i t _ s t r i n g ( 2 )
i = i +1
endwh i l e
s o r t _ i n d e x = s o r t ( t emp_a r r ay )
ma s t e r _ a r r a y =ma s t e r _ a r r a y ( s o r t _ i n d e x )
;Now, r e s i z e t h e a r r a y t o g e t r i d o f t h e heade r l i n e s . He l p f u l l y , t h e s o r t i n g
; has en su r ed t h a t t h e s e l i n e s w i l l be t h e l a s t ones i n t h e a r r a y . The r e f o r e ,
; a l l t h a t must be done i s t o c u t o f f t h e mas t e r a r r a y a t t h e e l emen t marked as
; t h e s i z e o f t h e a r r a y   t h e number o f f i l e s t h a t went i n t o i t ( s t o r e d i n " j " ) .
num_headers= s i z e ( where ( s t rm a t c h ( ma s t e r _ a r r a y , ’ image * ’ ) ) , / n_e l emen t s ) +1
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) num_headers ] ]
;Now, r e s i z e t h e a r r a y t o g e t r i d o f t h e heade r l i n e s . He l p f u l l y , t h e s o r t i n g
; has en su r ed t h a t t h e s e l i n e s w i l l be t h e l a s t ones i n t h e a r r a y . The r e f o r e ,
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; use t h e s i z e , where , and s t rm a t c h commands t o f i n d ou t how many l i n e s c o n t a i n
; h e ade r i n f o rm a t i o n ( i e , l i n e s s t a r t i n g wi th " image " ) , t h en s h r i n k t h e a r r a y
; by t h a t many l i n e s .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Removing d u p l i c a t e e n t r i e s from 72 in ch d i r e c t o r y d a t a . ’
i = f i x ( 0 )
k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
wh i l e ( i l t k ) do beg in
j = i +1
wh i l e ( j l e k ) do beg in
i f ( m a s t e r _ a r r a y ( i ) eq ma s t e r _ a r r a y ( j ) ) t h en beg in
i f ( j eq k ) t h en ma s t e r _ a r r a y =ma s t e r _ a r r a y [ 0 : k 1] e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : j  1] , m a s t e r _ a r r a y [ j +1 : k ] ]
k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
e n d i f e l s e j = j +1
endwh i l e
i = i +1
endwh i l e
; Th i s s e c t i o n checks t h e d a t a a g a i n s t t h e mag / j u l i a n l i m i t s and t h en
; changes t h e l i m i t s i f a d a t a p o i n t i s beyond them . Note : i n each l i n e ,
; t h e j u l i a n day w i l l be t h e t h i r d en t r y , wh i l e t h e mag w i l l be t h e t h i r d
; from t h e l a s t .
i = f i x ( 0 )
j = s i z e ( ma s t e r _ a r r a y , / n_e l emen t s )
wh i l e ( i l t j ) do beg in
a l i c e = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
i f ( a l i c e ( 2 ) g t l a s t _ j u l i a n ) t h en l a s t _ j u l i a n = a l i c e ( 2 )
i f ( a l i c e ( 2 ) l t f i r s t _ j u l i a n ) t h en f i r s t _ j u l i a n = a l i c e ( 2 )
i f ( a l i c e ( 9 ) g t f a i n t e s t _m a g ) t h en f a i n t e s t _ma g = a l i c e ( 9 )
i f ( a l i c e ( 9 ) l t b r i g h t e s t _mag ) t h en b r i g h t e s t _mag = a l i c e ( 9 )
i = i +1
endwh i l e
; And a t l ong l a s t , t h e d a t a i s p r i n t e d ou t t o a f i l e
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sav ing d a t a from 72 in ch d i r e c t o r y t o f i l e _ s e a r c h . 72 i n c h _ d i r e c t o r y . t x t ’
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 72 i n c h _ d i r e c t o r y . t x t ’
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
p r i n t f , 1 , m a s t e r _ a r r a y ( i )
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i = i +1
endwh i l e
c l o s e , 1
e n d i f e l s e w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sea r ch f a i l u r e : unab l e t o f i n d d a t a on t h i s o b j e c t i n 72 i n ch d i r e c t o r y . ’
e n d i f
; Th i s jump s t a t em e n t a p p l i e s i f t h e u s e r t r i e s t o look f o r sma r t s d a t a wi th t h e
; r e c u r s i v e o p t i o n t u r n e d o f f . Due t o t h e way f i l e s a r e o rgan i z ed , t h i s w i l l n eve r
; r e t u r n any f i l e s and would o t h e rw i s e b r e ak t h e s c r i p t .
;AND YES , I KNOW GOTO STATEMENTS ARE SIGNS OF SLOPPY CODING!
;BUT IT WORKS SO NO COMMENTS!
JUMP_72inch : i f ( we_have_a_problem eq ’ yes ’ ) t h en w i d g e t _ c o n t r o l , comment_id , / append , $
s e t _ v a l u e = ’ ERROR: mas t e r d i r e c t o r y s e a r c h e s MUST i n c l u d e sub d i r e c t o r i e s ’
;                                                              
;CASE 6 : I f t h e u s e r wants d a t a from a u s e r s p e c i f i e d d i r e c t o r y
;                                                              
we_have_a_problem = ’no ’
i f ( s e a r c h _ o t h e r _ o n eq ’ yes ’ ) t h en beg in
da t a _ f ound = ’no ’
j = f i x ( 0 )
k= f i x ( 0 )
u s e f u l _ f i l e s = s t r a r r ( 1 )
u s e f u l _ f i l e s ( 0 ) = ’ ’
f o u n d _ f i l e s = s t r a r r ( 1 )
f o u n d _ f i l e s ( 0 ) = ’ ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S e a r c h i ng f o r o b j e c t f i l e s i n use r s p e c i f i e d d i r e c t o r y . ( Th i s may t a k e a wh i l e ! ) ’
wh i l e ( k l t num_names ) do beg in
o b j e c t = ob j e c t _ n ame_a r r a y ( k )
s e a r c h _ s t r i n g = ’* . ’+ o b j e c t + ’* . app r . * . t x t ’
d i r e c t o r y =use r_pa thway
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; Th i s i f s t a t em e n t d e a l s w i th t h e r e c u r s i v e / non r e c u r s i v e f i l e s e a r c h
i f ( r e c u r s i v e _ o n eq ’ no ’ ) t h en beg in
we_have_a_problem = ’ yes ’
GOTO, JUMP_other
e n d i f e l s e f o u n d _ f i l e s = f i l e _ s e a r c h ( d i r e c t o r y , s e a r c h _ s t r i n g , / f u l l y _ q u a l i f y _ p a t h )
i f ( s t r l e n ( f o u n d _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n checks t o s ee i f t h e c o r r e c t f i l t e r was used on t h e found f i l e s
; Those t h a t p a s s a r e cop i ed i n t o t h e ’ u s e f u l _ f i l e s ’ a r r a y
num_ f i l e s = s i z e ( f o u n d _ f i l e s , / n_e l emen t s )
i = f i x ( 0 )
wh i l e ( i l t n um_ f i l e s ) do beg in
num_l ines= f i l e _ l i n e s ( f o u n d _ f i l e s ( i ) )
temp= s t r a r r ( num_l ine s )
openr , 1 , f o u n d _ f i l e s ( i )
r e ad f , 1 , temp
c l o s e , 1
f o o l = s t r s p l i t ( temp ( 1 ) , ’ ’ , / e x t r a c t )
i f ( s t r l ow c a s e ( f o o l ( 1 ) ) eq s e l e c t e d _ f i l t e r ) t h en beg in
da t a _ f ound = ’ yes ’
emp ty_a r r ay= s t r a r r ( 1 )
u s e f u l _ f i l e s = [ [ u s e f u l _ f i l e s ] , [ emp ty_a r r ay ] ]
u s e f u l _ f i l e s ( j ) = f o u n d _ f i l e s ( i )
j = j +1
e n d i f
i = i +1
endwh i l e
e n d i f
k=k+1
endwh i l e
i f ( d a t a _ f ound eq ’ yes ’ ) t h en $
u s e f u l _ f i l e s =[ u s e f u l _ f i l e s [ 0 : s i z e ( u s e f u l _ f i l e s , / n_e l emen t s )  2]]
i f ( s t r l e n ( u s e f u l _ f i l e s ( 0 ) ) ne 0 ) t h en beg in
; Th i s s e c t i o n c o p i e s t h e u s e f u l f i l e s i n t o a working d i r e c t o r y
; Note : d u p l i c a t e f i l e s a r e o v e rw r i t t e n , o t h e rw i s e t h e f i l e _ c o p y s c r i p t b r e a k s
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ Found ’ + $
s t r t r i m ( s t r i n g ( j ) , 2 ) + ’ o b j e c t f i l e s . Copying t o working d i r e c t o r y . ’
f i l e _mkd i r , ’ s e a r c h _ r e s u l t s / o t h e r ’
f i l e _ c o py , u s e f u l _ f i l e s , ’ s e a r c h _ r e s u l t s / o t h e r ’ , / o v e rw r i t e
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; Th i s loop c r e a t e s t h e . d a t f i l e c o n t a i n i n g t h e o r i g i n a l l o c a t i o n s o f t h e f i l e s .
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / o t h e r _ d i r e c t o r y . da t ’
wh i l e ( i l t j ) do beg in
p r i n t f , 1 , u s e f u l _ f i l e s ( i )
i = i +1
endwh i l e
c l o s e , 1
; Th i s s e c t i o n l o a d s a l l o f t h e d a t a i n t h e u s e f u l f i l e s i n t o a mas t e r a r r a y .
i = f i x ( 0 )
ma s t e r _ a r r a y = s t r a r r ( 1 )
t emp_a r r ay= s t r a r r ( 1 )
t emp_s i z e = f i x ( 0 )
wh i l e ( i l t j ) do beg in
b i l l y = s t r s p l i t ( u s e f u l _ f i l e s ( i ) , ’ / ’ , / e x t r a c t )
bob= s i z e ( b i l l y , / n_e l emen t s )
o p e n _ f i l e = ’ s e a r c h _ r e s u l t s / o t h e r / ’ + b i l l y ( bob 1)
t emp_s i z e = f i l e _ l i n e s ( o p e n _ f i l e )
t emp_a r r ay= cong r i d ( t emp_ar ray , t emp_s i z e )
openr , 1 , o p e n _ f i l e
r e ad f , 1 , t emp_a r r ay
c l o s e , 1
i f ( i eq 0 ) t h en ma s t e r _ a r r a y = t emp_a r r ay e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y , t emp_a r r ay ]
i = i +1
endwh i l e
; Alas , l c g en has neve r hand l ed non c h r o n o l o g i c a l o r d e r f i l e s . The handy IDL
; s o r t command can s t i l l be used , bu t becau se we need t o s o r t by t h e t h i r d column
; r a t h e r t h an t h e l a s t i t becomes a b i t more c omp l i c a t e d .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ S o r t i n g d a t a from use r s p e c i f i e d d i r e c t o r y by d a t e . ’
i = f i x ( 0 )
t emp_a r r ay= s t r a r r ( s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) )
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
s p l i t _ s t r i n g = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
t emp_a r r ay ( i ) = s p l i t _ s t r i n g ( 2 )
i = i +1
endwh i l e
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s o r t _ i n d e x = s o r t ( t emp_a r r ay )
ma s t e r _ a r r a y =ma s t e r _ a r r a y ( s o r t _ i n d e x )
;Now, r e s i z e t h e a r r a y t o g e t r i d o f t h e heade r l i n e s . He l p f u l l y , t h e s o r t i n g
; has en su r ed t h a t t h e s e l i n e s w i l l be t h e l a s t ones i n t h e a r r a y . The r e f o r e ,
; a l l t h a t must be done i s t o c u t o f f t h e mas t e r a r r a y a t t h e e l emen t marked as
; t h e s i z e o f t h e a r r a y   t h e number o f f i l e s t h a t went i n t o i t ( s t o r e d i n " j " ) .
num_headers= s i z e ( where ( s t rm a t c h ( ma s t e r _ a r r a y , ’ image * ’ ) ) , / n_e l emen t s ) +1
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) num_headers ] ]
;Now, r e s i z e t h e a r r a y t o g e t r i d o f t h e heade r l i n e s . He l p f u l l y , t h e s o r t i n g
; has en su r ed t h a t t h e s e l i n e s w i l l be t h e l a s t ones i n t h e a r r a y . The r e f o r e ,
; use t h e s i z e , where , and s t rm a t c h commands t o f i n d ou t how many l i n e s c o n t a i n
; h e ade r i n f o rm a t i o n ( i e , l i n e s s t a r t i n g wi th " image " ) , t h en s h r i n k t h e a r r a y
; by t h a t many l i n e s .
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Removing d u p l i c a t e e n t r i e s from use r s p e c i f i e d d i r e c t o r y d a t a . ’
i = f i x ( 0 )
k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
wh i l e ( i l t k ) do beg in
j = i +1
wh i l e ( j l e k ) do beg in
i f ( m a s t e r _ a r r a y ( i ) eq ma s t e r _ a r r a y ( j ) ) t h en beg in
i f ( j eq k ) t h en ma s t e r _ a r r a y =ma s t e r _ a r r a y [ 0 : k 1] e l s e $
ma s t e r _ a r r a y =[ ma s t e r _ a r r a y [ 0 : j  1] , m a s t e r _ a r r a y [ j +1 : k ] ]
k= s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) 1
e n d i f e l s e j = j +1
endwh i l e
i = i +1
endwh i l e
; Th i s s e c t i o n checks t h e d a t a a g a i n s t t h e mag / j u l i a n l i m i t s and t h en
; changes t h e l i m i t s i f a d a t a p o i n t i s beyond them . Note : i n each l i n e ,
; t h e j u l i a n day w i l l be t h e t h i r d en t r y , wh i l e t h e mag w i l l be t h e t h i r d
; from t h e l a s t .
i = f i x ( 0 )
j = s i z e ( ma s t e r _ a r r a y , / n_e l emen t s )
wh i l e ( i l t j ) do beg in
a l i c e = s t r s p l i t ( m a s t e r _ a r r a y ( i ) , ’ ’ , / e x t r a c t )
i f ( a l i c e ( 2 ) g t l a s t _ j u l i a n ) t h en l a s t _ j u l i a n = a l i c e ( 2 )
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i f ( a l i c e ( 2 ) l t f i r s t _ j u l i a n ) t h en f i r s t _ j u l i a n = a l i c e ( 2 )
i f ( a l i c e ( 9 ) g t f a i n t e s t _m a g ) t h en f a i n t e s t _ma g = a l i c e ( 9 )
i f ( a l i c e ( 9 ) l t b r i g h t e s t _mag ) t h en b r i g h t e s t _mag = a l i c e ( 9 )
i = i +1
endwh i l e
; And a t l ong l a s t , t h e d a t a i s p r i n t e d ou t t o a f i l e
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sav ing d a t a from use r s p e c i f i e d d i r e c t o r y t o f i l e _ s e a r c h . o t h e r _ d i r e c t o r y . t x t ’
i = f i x ( 0 )
openw , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . o t h e r _ d i r e c t o r y . t x t ’
wh i l e ( i l t s i z e ( ma s t e r _ a r r a y , / n_e l emen t s ) ) do beg in
p r i n t f , 1 , m a s t e r _ a r r a y ( i )
i = i +1
endwh i l e
c l o s e , 1
e n d i f e l s e w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ Sea r ch f a i l u r e : unab l e t o f i n d d a t a on t h i s o b j e c t i n s p e c i f i e d d i r e c t o r y . ’
e n d i f
; Th i s jump s t a t em e n t a p p l i e s i f t h e u s e r t r i e s t o look f o r sma r t s d a t a wi th t h e
; r e c u r s i v e o p t i o n t u r n e d o f f . Due t o t h e way f i l e s a r e o rgan i z ed , t h i s w i l l n eve r
; r e t u r n any f i l e s and would o t h e rw i s e b r e ak t h e s c r i p t .
;AND YES , I KNOW GOTO STATEMENTS ARE SIGNS OF SLOPPY CODING!
;BUT IT WORKS SO NO COMMENTS!
JUMP_other : i f ( we_have_a_problem eq ’ yes ’ ) t h en w i d g e t _ c o n t r o l , comment_id , / append , $
s e t _ v a l u e = ’ ERROR: use r s p e c i f i e d s e a r c h e s MUST i n c l u d e sub d i r e c t o r i e s ’
;                                                               
;Now t h a t t h e s e a r c h e s a r e a l l done , t e l l t h e u s e r so . Also ,
; c r e a t e a d a t f i l e c o n t a i n i n g t h e mag / j u l i a n day l i m i t s f o r t h e
; mu l t i p l o t , a s we l l a s o t h e r u s e f u l i n f o
;                                                               
; make t h e axes a l i t t l e more human f r i e n d l y
t i m e _ s c a l e _ f a c t o r =( doub l e ( l a s t _ j u l i a n ) doub l e ( f i r s t _ j u l i a n ) ) / 2 0 . 0
l a s t _ j u l i a n = s t r i n g ( doub l e ( l a s t _ j u l i a n ) + t i m e _ s c a l e _ f a c t o r )
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f i r s t _ j u l i a n = s t r i n g ( doub l e ( f i r s t _ j u l i a n )  t i m e _ s c a l e _ f a c t o r )
n ew_b r i gh t = f l o o r ( doub l e ( b r i g h t e s t _mag ) )
d i f f e r e n c e =doub l e ( b r i g h t e s t _mag ) new_b r i gh t
i f ( d i f f e r e n c e ge 0 . 5 ) t h en b r i g h t e s t _mag = s t r i n g ( new_b r i gh t +0 . 5 ) $
e l s e b r i g h t e s t _mag = s t r i n g ( new_b r i gh t )
new_dim = c e i l ( doub l e ( f a i n t e s t _m a g ) )
d i f f e r e n c e =new_dim doub l e ( f a i n t e s t _m a g )
i f ( d i f f e r e n c e ge 0 . 5 ) t h en f a i n t e s t _ma g = s t r i n g ( new_dim 0.5) $
e l s e f a i n t e s t _ma g = s t r i n g ( new_dim )
; c r e a t e an o u t p u t a r r a y t h a t w i l l be saved t o a f i l e c o n t a i n t i n g :
; o u t p u t _ a r r a y ( 0 ) =name of o b j e c t
; o u t p u t _ a r r a y ( 1 ) = f i l t e r
; o u t p u t _ a r r a y ( 2 ) =dimmer mag l i m i t
; o u t p u t _ a r r a y ( 3 ) = b r i g h t mag l i m i t
; o u t p u t _ a r r a y ( 4 ) = lower d a t e l i m i t
; o u t p u t _ a r r a y ( 5 ) = h i g h e r d a t e l i m i t
o u t p u t _ a r r a y = s t r a r r ( 6 )
o u t p u t _ a r r a y ( 0 ) = ob j e c t _ n ame_a r r a y ( 0 )
o u t p u t _ a r r a y ( 1 ) = s e l e c t e d _ f i l t e r
o u t p u t _ a r r a y ( 2 ) = f a i n t e s t _m a g
o u t p u t _ a r r a y ( 3 ) = b r i g h t e s t _mag
o u t p u t _ a r r a y ( 4 ) = f i r s t _ j u l i a n
o u t p u t _ a r r a y ( 5 ) = l a s t _ j u l i a n
openw , 1 , ’ s e a r c h _ r e s u l t s / mu l t i . da t ’
i = f i x ( 0 )
wh i l e ( i l t 6 ) do beg in
p r i n t f , 1 , o u t p u t _ a r r a y ( i )
i = i +1
endwh i l e
c l o s e , 1
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ F i l e s e a r c h comple t e . ’
end
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B.4 LCGen - Names (Subscript)
The following is a subscript to lcgen.pro. It allows the script to recognize objects with multiple names as
being the same object. The user is able to update the list of objects and names through the “object learning”
section of the main GUI. The user is able to print out a copy of the full object list by typing ’print’ into the
object of interest variable.
f u n c t i o n lcgen_names , o b j e c t _ o f _ i n t e r e s t , comment_id , l e a r n _ f o r g e t , name_ to_ l ea rn , n ame_ t o_ f o r g e t
; Th i s s c r i p t i s i n t e n d e d t o be c a l l e d by t h e main l c g en . p ro s c r i p t . I t s e a r c h e s a d a t a
; f i l e c a l l e d " l c g e n _ o b j e c t _ l i s t . t x t " f o r a match a g a i n s t t h e name of an o b j e c t t h a t t h e
; u s e r p r o v i d e s . I t t h en r e t u r n s a l i s t o f t h e names t h a t a r e a s s o c i a t e d wi th t h e name .
; For example , i f t h e u s e r asked f o r " Marka r i an 421" t h i s s c r i p t would c r e a t e an a r r a y
; c o n t a i n i n g "1101+384" , " ma rka r i an421 " and "mkn421 " . For t h e sake o f s im p l i c i t y , a l l
; b l ank s p a c e s a r e removed from i n p u t s and o u t p u t s ( i e , "mkn 421" and "mkn421 " a r e
; c o n s i d e r e d t h e same t h i n g ) .
; The f o l l ow i n g v a r i a b l e shou l d c o n t a i n t h e f u l l f i l e pathway of t h e . t x t f i l e t h i s
; s c r i p t u s e s t o c o n t a i n o b j e c t name a s s o c i a t i o n s . I f t h i s f i l e needs t o be moved t o
; a new d i r e c t o r y f o r some reason , chang ing t h e v a l u e o f t h i s v a r i a b l e i s a l l t h a t t h e
; u s e r needs t o do t o upda t e t h e s c r i p t .
f i l e _ l o c a t i o n = ’ / u s r / l o c a l /PEGA/ i d l _ l i b ’
; Th i s l i n e i s used a few t ime s l a t e r on , bu t so i s t h e above . Keep ’em d i s t i n c t .
o b j e c t _ f i l e = f i l e _ l o c a t i o n + ’ / l c g e n _ o b j e c t _ l i s t . t x t ’
;                                                                        
; De te rmine i f t h e u s e r has r e q u e s t e d a copy of t h e mas t e r o b j e c t l i s t
;                                                                        
o b j e c t _ o f _ i n t e r e s t = s t r l ow c a s e ( o b j e c t _ o f _ i n t e r e s t ) ; makes MKN421=mkn421=Mkn421
i f ( o b j e c t _ o f _ i n t e r e s t eq ’ p r i n t ’ ) t h en beg in
pr in t_command = ’ cp ’ + o b j e c t _ f i l e + ’ . ’
spawn , pr int_command
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widg e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ l c g e n _ o b j e c t _ l i s t . t x t has been cop i ed t o t h e working d i r e c t o r y . ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ ( Note t h i s i s on ly a copy ! Fee l f r e e t o d e l e t e i t a t any t ime . ) ’
e n d i f e l s e beg in
;                                                                        
; De te rmine t h e name of t h e o b j e c t o f i n t e r e s t
;                                                                        
ob j e c t _ n ame_a r r a y = s t r a r r ( 1 )
o b j e c t _ n ame_a r r a y ( 0 ) = o b j e c t _ o f _ i n t e r e s t
;                                                                        
; Sea r ch f o r a l i n e i n t h e o b j e c t f i l e t h a t c o n t a i n s an e n t r y t h a t matches
; t h e use r ’ s o b j e c t o f i n t e r e s t .
;                                                                        
i = f i x ( 0 )
found_match = ’no ’
f i l e _ l i n e = ’ ’
openr , 1 , o b j e c t _ f i l e
wh i l e ( no t eo f ( 1 ) ) AND ( found_match eq ’ no ’ ) do beg in
r e ad f , 1 , f i l e _ l i n e
a s s o c i a t e d _n ame s = s t r s p l i t ( f i l e _ l i n e , ’ ’ , / e x t r a c t )
num_names= s i z e ( a s s o c i a t e d_names , / n_e l emen t s )
j = f i x ( 0 )
wh i l e ( j l t num_names ) AND ( found_match eq ’ no ’ ) do beg in
i f ( a s s o c i a t e d _n ame s ( j ) eq o b j e c t _ o f _ i n t e r e s t ) $
t h en found_match = ’ yes ’ e l s e j = j +1
endwh i l e
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i f ( found_match eq ’ no ’ ) t h en i = i +1
endwh i l e
c l o s e , 1
;                                                                         
; Check t h a t t h e f i l e s e a r c h a c t u a l l y found a match . I f not , r e t u r n a n u l l
;                                                                         
i f ( found_match eq ’ no ’ ) AND ( l e a r n _ f o r g e t ne ’ l e a r n _ o b j e c t ’ ) t h en beg in
ob j e c t _ n ame_a r r a y ( 0 ) = ’ nu l l ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen cou ld no t f i n d t h i s o b j e c t i n t h e mas t e r l i s t ! ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ E i t h e r t h i s i s a new ob j e c t , a new name v a r i a n t , o r you ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ m i s s p e l l e d t h e o b j e c t you were l o ok i n g f o r . ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = ’ ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ User t i p : t o c r e a t e a copy of t h e mas t e r l i s t i n t h e c u r r e n t ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’ d i r e c t o r y , do an o b j e c t s e a r c h f o r " p r i n t " . ’
e n d i f e l s e beg in
;                                                                        
; De te rmine i f t h e u s e r wants t o s imp ly f i n d t h e a s s o c i a t e d names , add a
; new name t o t h e l i s t o f names , o r remove one of t h e a s s o c i a t e d names .
;                                                                        
c a s e l e a r n _ f o r g e t o f
;                                                                        
; I f t h e u s e r wants t o remove an o b j e c t and a l l o f i t s a s s o c i a t e d names
; from t h e mas t e r l i s t e n t i r e l y .
;                                                                        
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’ remove_ob jec t ’ : b eg in
l i n e _ t o _ r emove = f i l e _ l i n e
num_elements= f i l e _ l i n e s ( o b j e c t _ f i l e )
c o n t e n t = s t r a r r ( num_elements )
openr , 1 , o b j e c t _ f i l e
r e ad f , 1 , c o n t e n t
c l o s e , 1
new_con ten t = s t r a r r ( num_elements  1)
k= f i x ( 0 )
w= f i x ( 0 )
wh i l e ( k l t num_elements ) do beg in
i f ( c o n t e n t ( k ) ne l i n e _ t o _ r emove ) t h en beg in
new_con ten t (w) = c o n t e n t ( k )
w=w+1
e n d i f
k=k+1
endwh i l e
openw , 1 , o b j e c t _ f i l e
k= f i x ( 0 )
wh i l e ( k l t ( num_elements  1) ) do beg in
p r i n t f , 1 , new_con ten t ( k )
k=k+1
endwh i l e
c l o s e , 1
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen no l o n g e r r e c o g i z e s t h e f o l l ow i n g o b j e c t name a s s o c i a t i o n : ’




; I f t h e u s e r wants t o remove an o b j e c t and a l l o f i t s a s s o c i a t e d names
; from t h e mas t e r l i s t e n t i r e l y .
;                                                                        
’ l e a r n _ o b j e c t ’ : b eg in
i f ( found_match eq ’ no ’ ) t h en beg in
num_elements= f i l e _ l i n e s ( o b j e c t _ f i l e )
c o n t e n t = s t r a r r ( num_elements )
openr , 1 , o b j e c t _ f i l e
r e ad f , 1 , c o n t e n t
c l o s e , 1
c o n t e n t = cong r i d ( c on t e n t , num_elements +1)
c o n t e n t ( num_elements ) = o b j e c t _ o f _ i n t e r e s t
; The f o l l ow i n g l i n e re s o r t s t h e d a t a f i l e by # / a l p h ab e t ,
; so t h e r e ’ s some human f r i e n d l y o r d e r t o t h e b loody t h i n g .
c o n t e n t = c o n t e n t [ s o r t ( c o n t e n t ) ]
openw , 1 , o b j e c t _ f i l e
k= f i x ( 0 )
wh i l e ( k l t ( num_elements +1) ) do beg in
p r i n t f , 1 , c o n t e n t ( k )
k=k+1
endwh i l e
c l o s e , 1
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen now r e c o g i z e s ’ + o b j e c t _ o f _ i n t e r e s t + ’ a s an o b j e c t . ’
e n d i f e l s e w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$




; I f t h e u s e r wants t o s imp ly s ee what names a r e a s s o c i a t e d wi th t h e i n p u t
;                                                                        
’ n u l l ’ : b eg in
;                                                                        
; Expand t h e i n p u t a r r a y so t h a t i t w i l l have enough e l emen t s t o c o n t a i n
; t h e number o f a s s o c i a t e d names f o r t h e o b j e c t o f i n t e r e s t .
;                                                                        
ob j e c t _ n ame_a r r a y = cong r i d ( ob j e c t _name_a r r ay , num_names )
;                                                                        
; Pu t t h e v a r i o u s names a s s o i c i a t e d wi th t h e o b j e c t o f i n t e r e s t i n t o t h e
; expanded o b j e c t name a r r a y .
;                                                                        
i = f i x ( 0 )
wh i l e ( i ne num_names ) do beg in
ob j e c t _ n ame_a r r a y ( i ) = a s s o c i a t e d _n ame s ( i )
i = i +1
endwh i l e
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen r e c o g n i z e s t h e f o l l ow i n g names f o r t h i s o b j e c t : ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e = s t r i n g ( ob j e c t _ n ame_a r r a y )
end
;                                                                        
; I f t h e u s e r wants t o add a new name .
;                                                                        
’ l e a r n ’ : b eg in
new_en t ry= f i l e _ l i n e + ’ ’+ name_ to_ l e a r n
; For use r f r i e n d l y r e ad i ng , s o r t t h e new l i s t o f names bu t a l p h a / #
; . . . Yeah , I r e a l l y couldn ’ t t h i n k o f a good v a r i a b l e name he r e .
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someth ing= s t r s p l i t ( new_entry , ’ ’ , / e x t r a c t )
some th ing= some th ing [ s o r t ( some th ing ) ]
some_s i ze= s i z e ( someth ing , / n_e l emen t s )
k= f i x ( 0 )
new_en t ry = ’ ’
wh i l e ( k l t some_s i ze ) do beg in
new_en t ry = new_en t ry + some th ing ( k )
i f ( k l t some_s ize  1) t h en new_en t ry = new_en t ry + ’ ’
k=k+1
endwh i l e
; t h e r e s t o f t h i s s e c t i o n adds t h e now s o r t e d l i n e i n t o t h e mas t e r f i l e
num_elements= f i l e _ l i n e s ( o b j e c t _ f i l e )
c o n t e n t = s t r a r r ( num_elements )
openr , 1 , o b j e c t _ f i l e
r e ad f , 1 , c o n t e n t
c l o s e , 1
c o n t e n t ( i ) =new_en t ry
openw , 1 , o b j e c t _ f i l e
k= f i x ( 0 )
; The f o l l ow i n g l i n e r e s o r t s t h e d a t a f i l e by # / a l p h ab e t , so t h e r e ’ s some
; human f r i e n d l y o r d e r t o t h e b loody t h i n g .
c o n t e n t = c o n t e n t [ s o r t ( c o n t e n t ) ]
wh i l e ( k l t num_elements ) do beg in
p r i n t f , 1 , c o n t e n t ( k )
k=k+1
endwh i l e
c l o s e , 1
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
’LCGen now r e c o g n i z e s t h e f o l l ow i n g names f o r t h i s o b j e c t : ’
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widg e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =new_en t ry
end
;                                                                        
; I f t h e u s e r wants t o f o r g e t a name .
;                                                                        
’ f o r g e t ’ : b eg in
k= f i x ( 0 )
new_en t ry = ’ ’
wh i l e ( k l t num_names ) do beg in
i f ( n ame_ t o_ f o r g e t ne a s s o c i a t e d _n ame s ( k ) ) t h en beg in
new_en t ry = new_en t ry + a s s o c i a t e d _n ame s ( k )
i f ( k l t ( num_names 1) ) t h en new_en t ry = new_en t ry + ’ ’
e n d i f
k=k+1
endwh i l e
num_elements= f i l e _ l i n e s ( o b j e c t _ f i l e )
c o n t e n t = s t r a r r ( num_elements )
openr , 1 , o b j e c t _ f i l e
r e ad f , 1 , c o n t e n t
c l o s e , 1
c o n t e n t ( i ) =new_en t ry
openw , 1 , o b j e c t _ f i l e
k= f i x ( 0 )
wh i l e ( k l t num_elements ) do beg in
p r i n t f , 1 , c o n t e n t ( k )
k=k+1
endwh i l e
c l o s e , 1
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =$
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’LCGen now r e c o g n i z e s t h e f o l l ow i n g names f o r t h i s o b j e c t : ’
w i d g e t _ c o n t r o l , comment_id , / append , s e t _ v a l u e =new_en t ry
end
endca se
e n d e l s e
r e t u r n , o b j e c t _ n ame_a r r a y
e n d e l s e
end
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B.5 LCGen - Plot (Subscript)
The following is a subscript to lcgen.pro. It handles the actual drawing of plots in the GUI.
; Th i s i s a s u b s c r i p t t o LCGen . p ro . I t h a nd l e s drawing t h e p l o t s , d e f i n i n g
; t h e j u l a i n / d a t e and magni tude ax i s , and s e t t i n g t h e p l o t t o a s i z e t h a t w i l l
; a c t u a l l y f i t i n t h e drawing box .
; Th i s s c r i p t makes use t h e f o l l ow i n g s u b s c r i p t s :
; j d c o n v e r t . p ro
pro l c g e n _p l o t , xmin , xmax , f a i n t , b r i g h t , dec_va l , num_data , ob jec t_name , symbo l_a r r ay ,
show_legend
;                                                                        
; Th i s s e c t i o n f i n d s t h e t o t a l r ange f o r t h e x and y axes
;                                                                        
x range = [ xmin , xmax ]
y range = [ f a i n t , b r i g h t ]
;                                                                            
; Th i s s e c t i o n d e f i n e s t h e t i c k marks f o r t h e j u l i a n days on t h e b o t t o n x a x i s
;                                                                            
x t i c k s _ j u l i a n = d b l a r r ( 5 )
x t i c k s _ j u l i a n ( 0 ) =xmin
x t i c k s _ j u l i a n ( 4 ) =xmax
x t i c k s _ j u l i a n ( 2 ) =( x t i c k s _ j u l i a n ( 0 ) + x t i c k s _ j u l i a n ( 4 ) ) / 2 . 0
x t i c k s _ j u l i a n ( 1 ) =( x t i c k s _ j u l i a n ( 0 ) + x t i c k s _ j u l i a n ( 2 ) ) / 2 . 0
x t i c k s _ j u l i a n ( 3 ) =( x t i c k s _ j u l i a n ( 2 ) + x t i c k s _ j u l i a n ( 4 ) ) / 2 . 0
;                                                                            
; Th i s s e c t i o n d e f i n e s t h e t i c k marks f o r t h e c a l e n d a r d a t e s on t h e t op x a x i s
;NOTE: t h e c a l . d a t e s a r e s l a v e d t o t h e j u l i a n days . The c o nv e r s i o n o f j u l .
; t o c a l . i s done wi th t h e s u b s c r i p t " j d c o n v e r t "
;                                                                            
c a l e n d a r _ c o n v e r t = d b l a r r ( 5 )
c a l e n d a r _ c o n v e r t =[ j d c o n v e r t ( x t i c k s _ j u l i a n ( 0 ) ) , j d c o n v e r t ( x t i c k s _ j u l i a n ( 1 ) ) , $
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j d c o n v e r t ( x t i c k s _ j u l i a n ( 2 ) ) , j d c o n v e r t ( x t i c k s _ j u l i a n ( 3 ) ) , $
j d c o n v e r t ( x t i c k s _ j u l i a n ( 4 ) ) ]
;                                                                            
; Sadly , t h e j d c o n v e r t s c r i p t r e t u r n s v a l u e s i n t h e f o rma t yyyymmdd . xxx . Th i s
; i s no t human f r i e n d l y . Th i s s e c t i o n b r e a k s up t h e f o rma t wi th da she s . Thus
; r e a d e r s s e e yyyy mm dd . xxx p l o t t e d i n s t e a d . A sma l l change , bu t h e l p f u l .
;                                                                            
x t i c k s _ c a l e n d a r = s t r a r r ( 5 )
i = f i x ( 0 )
wh i l e ( i l t 5 ) do beg in
d a t e = s t r i n g ( c a l e n d a r _ c o n v e r t ( i ) , f o rma t = dec_va l )
d a t e = s t r t r i m ( da t e , 2 )
l e n g t h = s t r l e n ( d a t e ) 6
x t i c k s _ c a l e n d a r ( i ) = s t rm i d ( da t e , 0 , 4 ) + ’  ’ + s t rm i d ( da t e , 4 , 2 ) + $
’  ’ + s t rm i d ( da t e , 6 , l e n g t h )
i = i +1
endwh i l e
;                                                                            
;                                                                            
;THE SINGLE FILE SECTION STARTS HERE ! ! !
;                                                                            
;                                                                            
i f ( num_data ne ’ mu l t i ’ ) t h en beg in
;                                                                            
; Okay . Now re ad i n t h e a c t u a l d a t e s , magni tudes , and e r r o r from t h e f i l e
; l c g e n _ i n p u t made . A l i t t l e round about , bu t i t g e t s t h e r e i n t h e end .
;                                                                            
t ime= d b l a r r ( num_data ) ; These 3 a r r a y s w i l l be expanded
mag= d b l a r r ( num_data ) ; t o wha t eve r s i z e i s needed l a t e r .
e r r = d b l a r r ( num_data ) ; Th i s j u s t d e f i n e s them f o r now .
i = f i x ( 0 )
r e a d _ d a t a = ’ ’
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openr , 1 , ’ d a t e_mag_e r r . da t ’
wh i l e ( no t eo f ( 1 ) ) do beg in
r e ad f , 1 , r e a d _ d a t a
s p l i t _ s t r i n g = s t r s p l i t ( r e a d_da t a , ’ ’ , / e x t r a c t )
t ime ( i ) = doub l e ( s p l i t _ s t r i n g ( 0 ) )
mag ( i ) = doub l e ( s p l i t _ s t r i n g ( 1 ) )
e r r ( i ) = doub l e ( s p l i t _ s t r i n g ( 2 ) )
i = i +1
endwh i l e
c l o s e , 1
;                                                                            
; Th i s s e c t i o n a c t u a l l y draws t h e p l o t
;                                                                            
! x . t i c k f o rm a t = dec_va l
p l o t , t ime , mag , psym= symbo l_a r r ay ( 0 ) , x s t y l e =1 , y s t y l e =1 , $
x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , x r ange=xrange , y r ange=yrange , $
p o s i t i o n = [ 0 . 0 7 , 0 . 0 8 , 0 . 9 4 , 0 . 9 ] , x t i t l e = ’Time ( J u l i a n Day ) ’ , $
y t i t l e = ’Magnitude ’
e r r p l o t , t ime , mag e r r , mag+ e r r
! x . t i c k f o rm a t = ’ ’
ax i s , x a x i s =1 , x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , x t i t l e = ’Time ( Ca l enda r Date ) ’ , $
x t i ckname= x t i c k s _ c a l e n d a r
;                                                                            
;                                                                            




en d i f e l s e beg in
;                                                                        
; Th i s s e c t i o n l o a d s t h e d a t a from each t e l e s c o p e i n t o memory
;                                                                        
; Check i f d a t a from c u r r e n t d i r e c t o r y e x i s t s . I f so , l o ad d a t a .
c h e c k _ c u r r e n t = f i l e _ t e s t ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . c u r r e n t _ d i r e c t o r y . t x t ’ )
i f ( c h e c k _ c u r r e n t eq 1 ) t h en beg in
l i n e s = f i l e _ l i n e s ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . c u r r e n t _ d i r e c t o r y . t x t ’ )
c u r r e n t _ t im e = d b l a r r ( l i n e s )
cu r r en t_mag= d b l a r r ( l i n e s )
c u r r e n t _ e r r = d b l a r r ( l i n e s )
i = f i x ( 0 )
r e a d _ d a t a = ’ ’
openr , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . c u r r e n t _ d i r e c t o r y . t x t ’
wh i l e ( i l t l i n e s ) do beg in
r e ad f , 1 , r e a d _ d a t a
s p l i t _ s t r i n g = s t r s p l i t ( r e a d_da t a , ’ ’ , / e x t r a c t )
c u r r e n t _ t im e ( i ) = s p l i t _ s t r i n g ( 2 )
cu r r en t_mag ( i ) = s p l i t _ s t r i n g ( 9 )
c u r r e n t _ e r r ( i ) = s p l i t _ s t r i n g ( s i z e ( s p l i t _ s t r i n g , / n_e l emen t s ) 2)
i = i +1
endwh i l e
c l o s e , 1
e n d i f
; Check i f d a t a from sma r t s d i r e c t o r y e x i s t s . I f so , l o ad d a t a .
c h e ck_ sma r t s = f i l e _ t e s t ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . sm a r t s _ d i r e c t o r y . t x t ’ )
i f ( c h e ck_ sma r t s eq 1 ) t h en beg in
l i n e s = f i l e _ l i n e s ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . sm a r t s _ d i r e c t o r y . t x t ’ )
sma r t s _ t ime = d b l a r r ( l i n e s )
smar ts_mag= d b l a r r ( l i n e s )
sm a r t s _ e r r = d b l a r r ( l i n e s )
i = f i x ( 0 )
r e a d _ d a t a = ’ ’
openr , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . sm a r t s _ d i r e c t o r y . t x t ’
wh i l e ( i l t l i n e s ) do beg in
r e ad f , 1 , r e a d _ d a t a
s p l i t _ s t r i n g = s t r s p l i t ( r e a d_da t a , ’ ’ , / e x t r a c t )
sma r t s _ t ime ( i ) = s p l i t _ s t r i n g ( 2 )
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smarts_mag ( i ) = s p l i t _ s t r i n g ( 9 )
sm a r t s _ e r r ( i ) = s p l i t _ s t r i n g ( s i z e ( s p l i t _ s t r i n g , / n_e l emen t s ) 2)
i = i +1
endwh i l e
c l o s e , 1
e n d i f
; Check i f d a t a from 31 in ch d i r e c t o r y e x i s t s . I f so , l o ad d a t a .
check_31 inch= f i l e _ t e s t ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 31 i n c h _ d i r e c t o r y . t x t ’ )
i f ( check_31 inch eq 1) t h en beg in
l i n e s = f i l e _ l i n e s ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 31 i n c h _ d i r e c t o r y . t x t ’ )
a 31 i n ch_ t ime= d b l a r r ( l i n e s )
a31inch_mag= d b l a r r ( l i n e s )
a 3 1 i n c h _ e r r = d b l a r r ( l i n e s )
i = f i x ( 0 )
r e a d _ d a t a = ’ ’
openr , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 31 i n c h _ d i r e c t o r y . t x t ’
wh i l e ( i l t l i n e s ) do beg in
r e ad f , 1 , r e a d _ d a t a
s p l i t _ s t r i n g = s t r s p l i t ( r e a d_da t a , ’ ’ , / e x t r a c t )
a 31 i n ch_ t ime ( i ) = s p l i t _ s t r i n g ( 2 )
a31inch_mag ( i ) = s p l i t _ s t r i n g ( 9 )
a 3 1 i n c h _ e r r ( i ) = s p l i t _ s t r i n g ( s i z e ( s p l i t _ s t r i n g , / n_e l emen t s ) 2)
i = i +1
endwh i l e
c l o s e , 1
e n d i f
; Check i f d a t a from 42 in ch d i r e c t o r y e x i s t s . I f so , l o ad d a t a .
check_42 inch= f i l e _ t e s t ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 42 i n c h _ d i r e c t o r y . t x t ’ )
i f ( check_42 inch eq 1) t h en beg in
l i n e s = f i l e _ l i n e s ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 42 i n c h _ d i r e c t o r y . t x t ’ )
a 42 i n ch_ t ime= d b l a r r ( l i n e s )
a42inch_mag= d b l a r r ( l i n e s )
a 4 2 i n c h _ e r r = d b l a r r ( l i n e s )
i = f i x ( 0 )
r e a d _ d a t a = ’ ’
openr , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 42 i n c h _ d i r e c t o r y . t x t ’
wh i l e ( i l t l i n e s ) do beg in
r e ad f , 1 , r e a d _ d a t a
s p l i t _ s t r i n g = s t r s p l i t ( r e a d_da t a , ’ ’ , / e x t r a c t )
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a42 in ch_ t ime ( i ) = s p l i t _ s t r i n g ( 2 )
a42inch_mag ( i ) = s p l i t _ s t r i n g ( 9 )
a 4 2 i n c h _ e r r ( i ) = s p l i t _ s t r i n g ( s i z e ( s p l i t _ s t r i n g , / n_e l emen t s ) 2)
i = i +1
endwh i l e
c l o s e , 1
e n d i f
; Check i f d a t a from 72 in ch d i r e c t o r y e x i s t s . I f so , l o ad d a t a .
check_72 inch= f i l e _ t e s t ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 72 i n c h _ d i r e c t o r y . t x t ’ )
i f ( check_72 inch eq 1) t h en beg in
l i n e s = f i l e _ l i n e s ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 72 i n c h _ d i r e c t o r y . t x t ’ )
a 72 i n ch_ t ime= d b l a r r ( l i n e s )
a72inch_mag= d b l a r r ( l i n e s )
a 7 2 i n c h _ e r r = d b l a r r ( l i n e s )
i = f i x ( 0 )
r e a d _ d a t a = ’ ’
openr , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . 72 i n c h _ d i r e c t o r y . t x t ’
wh i l e ( i l t l i n e s ) do beg in
r e ad f , 1 , r e a d _ d a t a
s p l i t _ s t r i n g = s t r s p l i t ( r e a d_da t a , ’ ’ , / e x t r a c t )
a 72 i n ch_ t ime ( i ) = s p l i t _ s t r i n g ( 2 )
a72inch_mag ( i ) = s p l i t _ s t r i n g ( 9 )
a 7 2 i n c h _ e r r ( i ) = s p l i t _ s t r i n g ( s i z e ( s p l i t _ s t r i n g , / n_e l emen t s ) 2)
i = i +1
endwh i l e
c l o s e , 1
e n d i f
; Check i f d a t a from use r s p e c i f i e d d i r e c t o r y e x i s t s . I f so , l o ad d a t a .
c h e c k_o t h e r = f i l e _ t e s t ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . o t h e r _ d i r e c t o r y . t x t ’ )
i f ( c h e c k_o t h e r eq 1 ) t h en beg in
l i n e s = f i l e _ l i n e s ( ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . o t h e r _ d i r e c t o r y . t x t ’ )
o t h e r _ t im e = d b l a r r ( l i n e s )
o ther_mag= d b l a r r ( l i n e s )
o t h e r _ e r r = d b l a r r ( l i n e s )
i = f i x ( 0 )
r e a d _ d a t a = ’ ’
openr , 1 , ’ s e a r c h _ r e s u l t s / f i l e _ s e a r c h . o t h e r _ d i r e c t o r y . t x t ’
wh i l e ( i l t l i n e s ) do beg in
r e ad f , 1 , r e a d _ d a t a
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s p l i t _ s t r i n g = s t r s p l i t ( r e a d_da t a , ’ ’ , / e x t r a c t )
o t h e r _ t im e ( i ) = s p l i t _ s t r i n g ( 2 )
o ther_mag ( i ) = s p l i t _ s t r i n g ( 9 )
o t h e r _ e r r ( i ) = s p l i t _ s t r i n g ( s i z e ( s p l i t _ s t r i n g , / n_e l emen t s ) 2)
i = i +1
endwh i l e
c l o s e , 1
e n d i f
;                                                                        
; Th i s s e c t i o n a c t u a l l y draws t h e mu l t i p l o t .
;                                                                        
; Check i f d a t a from c u r r e n t d i r e c t o r y e x i s t s . I f so , draw i t .
i f ( c h e c k _ c u r r e n t eq 1 ) t h en beg in
! x . t i c k f o rm a t = dec_va l
! psym= symbo l_a r r ay ( 0 )
p l o t , c u r r e n t _ t im e , cu r ren t_mag , x s t y l e =1 , y s t y l e =1 , $
x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , x r ange=xrange , y r ange=yrange , $
p o s i t i o n = [ 0 . 0 7 , 0 . 0 8 , 0 . 9 4 , 0 . 9 ] , x t i t l e = ’Time ( J u l i a n Day ) ’ , $
y t i t l e = ’Magnitude ’
e r r p l o t , c u r r e n t _ t im e , cur ren t_mag c u r r e n t _ e r r , cu r r en t_mag+ c u r r e n t _ e r r
! x . t i c k f o rm a t = ’ ’
ax i s , x a x i s =1 , x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , x t i t l e = ’Time ( Ca l enda r Date ) ’ , $
x t i ckname= x t i c k s _ c a l e n d a r
e n d i f
; Check i f d a t a from sma r t s d i r e c t o r y e x i s t s . I f so , draw i t .
i f ( c h e ck_ sma r t s eq 1 ) t h en beg in
i f ( c h e c k _ c u r r e n t eq 1 ) t h en beg in
! psym= symbo l_a r r ay ( 1 )
op l o t , sma r t s _ t ime , smar ts_mag
e r r p l o t , sma r t s _ t ime , smarts_mag sma r t s _ e r r , smar ts_mag+ sm a r t s _ e r r
e n d i f e l s e beg in
! x . t i c k f o rm a t = dec_va l
! psym= symbo l_a r r ay ( 1 )
p l o t , sma r t s _ t ime , smarts_mag , x s t y l e =1 , y s t y l e =1 , $
x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , x r ange=xrange , y r ange=yrange , $
p o s i t i o n = [ 0 . 0 7 , 0 . 0 8 , 0 . 9 4 , 0 . 9 ] , x t i t l e = ’Time ( J u l i a n Day ) ’ , $
y t i t l e = ’Magnitude ’
e r r p l o t , sma r t s _ t ime , smarts_mag sma r t s _ e r r , smar ts_mag+ sm a r t s _ e r r
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! x . t i c k f o rm a t = ’ ’
ax i s , x a x i s =1 , x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , $
x t i t l e = ’Time ( Ca l enda r Date ) ’ , x t i ckname= x t i c k s _ c a l e n d a r
e n d e l s e
e n d i f
; Check i f d a t a from 31 in ch d i r e c t o r y e x i s t s . I f so , draw i t .
i f ( check_31 inch eq 1) t h en beg in
i f ( c h e c k _ c u r r e n t eq 1 ) OR ( che ck_ sma r t s eq 1 ) t h en beg in
! psym= symbo l_a r r ay ( 2 )
op l o t , a31 inch_ t ime , a31inch_mag
e r r p l o t , a31 inch_ t ime , a31inch_mag a31 i n ch_ e r r , a31inch_mag+ a 3 1 i n c h _ e r r
e n d i f e l s e beg in
! x . t i c k f o rm a t = dec_va l
! psym= symbo l_a r r ay ( 2 )
p l o t , a31 inch_ t ime , a31inch_mag , x s t y l e =1 , y s t y l e =1 , $
x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , x r ange=xrange , y r ange=yrange , $
p o s i t i o n = [ 0 . 0 7 , 0 . 0 8 , 0 . 9 4 , 0 . 9 ] , x t i t l e = ’Time ( J u l i a n Day ) ’ , $
y t i t l e = ’Magnitude ’
e r r p l o t , a31 inch_ t ime , a31inch_mag a31 i n ch_ e r r , a31inch_mag+ a 3 1 i n c h _ e r r
! x . t i c k f o rm a t = ’ ’
ax i s , x a x i s =1 , x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , $
x t i t l e = ’Time ( Ca l enda r Date ) ’ , x t i ckname= x t i c k s _ c a l e n d a r
e n d e l s e
e n d i f
; Check i f d a t a from 42 in ch d i r e c t o r y e x i s t s . I f so , draw i t .
i f ( check_42 inch eq 1) t h en beg in
i f ( c h e c k _ c u r r e n t eq 1 ) OR ( che ck_ sma r t s eq 1 ) OR $
( check_31 inch eq 1) t h en beg in
! psym= symbo l_a r r ay ( 3 )
op l o t , a42 inch_ t ime , a42inch_mag
e r r p l o t , a42 inch_ t ime , a42inch_mag a42 i n ch_ e r r , a42inch_mag+ a 4 2 i n c h _ e r r
e n d i f e l s e beg in
! x . t i c k f o rm a t = dec_va l
! psym= symbo l_a r r ay ( 3 )
p l o t , a42 inch_ t ime , a42inch_mag , x s t y l e =1 , y s t y l e =1 , $
x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , x r ange=xrange , y r ange=yrange , $
p o s i t i o n = [ 0 . 0 7 , 0 . 0 8 , 0 . 9 4 , 0 . 9 ] , x t i t l e = ’Time ( J u l i a n Day ) ’ , $
y t i t l e = ’Magnitude ’
e r r p l o t , a42 inch_ t ime , a42inch_mag a42 i n ch_ e r r , a42inch_mag+ a 4 2 i n c h _ e r r
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! x . t i c k f o rm a t = ’ ’
ax i s , x a x i s =1 , x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , $
x t i t l e = ’Time ( Ca l enda r Date ) ’ , x t i ckname= x t i c k s _ c a l e n d a r
e n d e l s e
e n d i f
; Check i f d a t a from 72 in ch d i r e c t o r y e x i s t s . I f so , draw i t .
i f ( check_72 inch eq 1) t h en beg in
i f ( c h e c k _ c u r r e n t eq 1 ) OR ( che ck_ sma r t s eq 1 ) OR ( check_31 inch eq 1) OR $
( check_42 inch eq 1) t h en beg in
! psym= symbo l_a r r ay ( 4 )
op l o t , a72 inch_ t ime , a72inch_mag
e r r p l o t , a72 inch_ t ime , a72inch_mag a72 i n ch_ e r r , a72inch_mag+ a 7 2 i n c h _ e r r
e n d i f e l s e beg in
! x . t i c k f o rm a t = dec_va l
! psym= symbo l_a r r ay ( 4 )
p l o t , a72 inch_ t ime , a72inch_mag , x s t y l e =1 , y s t y l e =1 , $
x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , x r ange=xrange , y r ange=yrange , $
p o s i t i o n = [ 0 . 0 7 , 0 . 0 8 , 0 . 9 4 , 0 . 9 ] , x t i t l e = ’Time ( J u l i a n Day ) ’ , $
y t i t l e = ’Magnitude ’
e r r p l o t , a72 inch_ t ime , a72inch_mag a72 i n ch_ e r r , a72inch_mag+ a 7 2 i n c h _ e r r
! x . t i c k f o rm a t = ’ ’
ax i s , x a x i s =1 , x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , $
x t i t l e = ’Time ( Ca l enda r Date ) ’ , x t i ckname= x t i c k s _ c a l e n d a r
e n d e l s e
e n d i f
; Check i f d a t a from use r s p e c i f i e d d i r e c t o r y e x i s t s . I f so , draw i t .
i f ( c h e c k_o t h e r eq 1 ) t h en beg in
i f ( c h e c k _ c u r r e n t eq 1 ) OR ( che ck_ sma r t s eq 1 ) OR ( check_31 inch eq 1) OR $
( check_42 inch eq 1) OR ( check_72 inch eq 1) t h en beg in
! psym= symbo l_a r r ay ( 5 )
op l o t , o t h e r _ t ime , o ther_mag
e r r p l o t , o t h e r _ t ime , other_mag o t h e r _ e r r , o ther_mag+ o t h e r _ e r r
e n d i f e l s e beg in
! x . t i c k f o rm a t = dec_va l
! psym= symbo l_a r r ay ( 5 )
p l o t , o t h e r _ t ime , other_mag , x s t y l e =1 , y s t y l e =1 , $
x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , x r ange=xrange , y r ange=yrange , $
p o s i t i o n = [ 0 . 0 7 , 0 . 0 8 , 0 . 9 4 , 0 . 9 ] , x t i t l e = ’Time ( J u l i a n Day ) ’ , $
y t i t l e = ’Magnitude ’
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e r r p l o t , o t h e r _ t ime , other_mag o t h e r _ e r r , o ther_mag+ o t h e r _ e r r
! x . t i c k f o rm a t = ’ ’
ax i s , x a x i s =1 , x t i c k s =4 , x t i c k v = x t i c k s _ j u l i a n , $
x t i t l e = ’Time ( Ca l enda r Date ) ’ , x t i ckname= x t i c k s _ c a l e n d a r
e n d e l s e
e n d i f
;                                                                        
; Th i s s e c t i o n adds t h e symbol l e gend a t t h e bot tom
;                                                                        
i f ( show_legend eq ’ yes ’ ) t h en beg in
l egend = ’ ’
l e g e n d _ c u r r e n t = ’ ’
l e g e nd_ sma r t s = ’ ’
l e g end_31 i n ch = ’ ’
l e g end_42 i n ch = ’ ’
l e g end_72 i n ch = ’ ’
l e g e n d _ o t h e r = ’ ’
i f ( c h e c k _ c u r r e n t eq 1 ) t h en beg in
c a s e symbo l_a r r ay ( 0 ) o f
1 : l e g e n d _ c u r r e n t = ’+: Cu r r en t ’
2 : l e g e n d _ c u r r e n t = ’* : Cu r r en t ’
3 : l e g e n d _ c u r r e n t = ’ . : Cu r r en t ’
4 : l e g e n d _ c u r r e n t = ’!9 ’+ s t r i n g (86B) + ’ !X’+ ’ : Cu r r en t ’
5 : l e g e n d _ c u r r e n t = ’!7 ’+ s t r i n g (68B) + ’ !X’+ ’ : Cu r r en t ’
6 : l e g e n d _ c u r r e n t = ’!9 ’+ s t r i n g (66B) + ’ !X’+ ’ : Cu r r en t ’
7 : l e g e n d _ c u r r e n t = ’X: Cur r en t ’
endca se
l egend= l e g e n d _ c u r r e n t
e n d i f
i f ( c h e ck_ sma r t s eq 1 ) t h en beg in
c a s e symbo l_a r r ay ( 1 ) o f
1 : l e g e nd_ sma r t s = ’+: SMARTS’
2 : l e g e nd_ sma r t s = ’* : SMARTS’
3 : l e g e nd_ sma r t s = ’ . : SMARTS’
4 : l e g e nd_ sma r t s = ’!9 ’+ s t r i n g (86B) + ’ !X’+ ’ : SMARTS’
5 : l e g e nd_ sma r t s = ’!7 ’+ s t r i n g (68B) + ’ !X’+ ’ : SMARTS’
6 : l e g e nd_ sma r t s = ’!9 ’+ s t r i n g (66B) + ’ !X’+ ’ : SMARTS’
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7 : l e g e nd_ sma r t s = ’X: SMARTS’
endca se
i f ( c h e c k _ c u r r e n t eq 1 ) t h en l egend= l egend + ’ ’+ l e g e nd_ sma r t s $
e l s e l eg end= l e g e nd_ sma r t s
e n d i f
i f ( check_31 inch eq 1) t h en beg in
c a s e symbo l_a r r ay ( 2 ) o f
1 : l e g end_31 i n ch = ’+: 31 Inch ’
2 : l e g end_31 i n ch = ’* : 31 Inch ’
3 : l e g end_31 i n ch = ’ . : 31 Inch ’
4 : l e g end_31 i n ch = ’!9 ’+ s t r i n g (86B) + ’ !X’+ ’ : 31 Inch ’
5 : l e g end_31 i n ch = ’!7 ’+ s t r i n g (68B) + ’ !X’+ ’ : 31 Inch ’
6 : l e g end_31 i n ch = ’!9 ’+ s t r i n g (66B) + ’ !X’+ ’ : 31 Inch ’
7 : l e g end_31 i n ch = ’X: 31 Inch ’
endca se
i f ( c h e c k _ c u r r e n t eq 1 ) OR ( check_ sma r t s eq 1 ) t h en $
l egend= l egend + ’ ’+ l eg end_31 i n ch e l s e l eg end= l eg end_31 i n ch
e n d i f
i f ( check_42 inch eq 1) t h en beg in
c a s e symbo l_a r r ay ( 3 ) o f
1 : l e g end_42 i n ch = ’+: 42 Inch ’
2 : l e g end_42 i n ch = ’* : 42 Inch ’
3 : l e g end_42 i n ch = ’ . : 42 Inch ’
4 : l e g end_42 i n ch = ’!9 ’+ s t r i n g (86B) + ’ !X’+ ’ : 42 Inch ’
5 : l e g end_42 i n ch = ’!7 ’+ s t r i n g (68B) + ’ !X’+ ’ : 42 Inch ’
6 : l e g end_42 i n ch = ’!9 ’+ s t r i n g (66B) + ’ !X’+ ’ : 42 Inch ’
7 : l e g end_42 i n ch = ’X: 42 Inch ’
endca se
i f ( c h e c k _ c u r r e n t eq 1 ) OR ( check_ sma r t s eq 1 ) OR ( check_31 inch eq 1) $
t h en l egend= l egend + ’ ’+ l eg end_42 i n ch e l s e l egend= l eg end_42 i n ch
e n d i f
i f ( check_72 inch eq 1) t h en beg in
c a s e symbo l_a r r ay ( 4 ) o f
1 : l e g end_72 i n ch = ’+: 72 Inch ’
2 : l e g end_72 i n ch = ’* : 72 Inch ’
3 : l e g end_72 i n ch = ’ . : 72 Inch ’
4 : l e g end_72 i n ch = ’!9 ’+ s t r i n g (86B) + ’ !X’+ ’ : 72 Inch ’
5 : l e g end_72 i n ch = ’!7 ’+ s t r i n g (68B) + ’ !X’+ ’ : 72 Inch ’
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6 : l e g end_72 i n ch = ’!9 ’+ s t r i n g (66B) + ’ !X’+ ’ : 72 Inch ’
7 : l e g end_72 i n ch = ’X: 72 Inch ’
endca se
i f ( c h e c k _ c u r r e n t eq 1 ) OR ( check_ sma r t s eq 1 ) OR ( check_31 inch eq 1) OR $
( check_42 inch eq 1) t h en l egend= l egend + ’ ’+ l e g end_72 i n ch e l s e l eg end= l eg end_72 i n ch
e n d i f
i f ( c h e c k_o t h e r eq 1 ) t h en beg in
c a s e symbo l_a r r ay ( 5 ) o f
1 : l e g e n d _ o t h e r = ’+: User D i r e c t o r y ’
2 : l e g e n d _ o t h e r = ’* : User D i r e c t o r y ’
3 : l e g e n d _ o t h e r = ’ . : User D i r e c t o r y ’
4 : l e g e n d _ o t h e r = ’!9 ’+ s t r i n g (86B) + ’ !X’+ ’ : User D i r e c t o r y ’
5 : l e g e n d _ o t h e r = ’!7 ’+ s t r i n g (68B) + ’ !X’+ ’ : User D i r e c t o r y ’
6 : l e g e n d _ o t h e r = ’!9 ’+ s t r i n g (66B) + ’ !X’+ ’ : User D i r e c t o r y ’
7 : l e g e n d _ o t h e r = ’X: User D i r e c t o r y ’
endca se
i f ( c h e c k _ c u r r e n t eq 1 ) OR ( check_ sma r t s eq 1 ) OR ( check_31 inch eq 1) OR $
( check_42 inch eq 1) OR ( check_72 inch eq 1) t h en l egend= l egend + ’ ’+ l e g e n d _ o t h e r $
e l s e l eg end= l e g e n d _ o t h e r
e n d i f
x = ( !X.Window[1]  !X.Window [ 0 ] ) / 2 . 0 + !X.Window [ 0 ]
y= 0.02
xyou ts , x , y , l egend , / normal , a l i g nmen t =0 .5
e n d i f
;                                                                            
;END OF MULTI CASE
;                                                                            
e n d e l s e
;                                                                            
;                                                                            
; THIS SECTION IS COMMON TO BOTH SINGLE AND MULTI CASES ! ! !
; Th i s s e c t i o n w r i t e s and p o s i t i o n s t h e t i t l e . ( S i nce t h e r e i s a t i t l e on t h e
; uppe r x ax i s , t h e r e i s no room f o r a c h a r t t i t l e u s i ng PLOT’ s d e f a u l t s and




x = ( !X.Window[1]  !X.Window [ 0 ] ) / 2 . 0 + !X.Window [ 0 ]
y =0 .97
xyou ts , x , y , ob jec t_name , / normal , a l i g nmen t =0 . 5 , c h a r s i z e =1 .5
end
B.6 LCGen - Object List
The following is the first ten lines of the text file that serves as LCGen’s “memory.” It allows the script to
keep track of multiple names for individual objects so that multi-night searches are able to find data under
differing names. Only the first few lines have been included for the sake of brevity; this section was only
included so that the reader can see the format of the file. Note that the user is able to dynamically append








01248+1855 iras01248+1855 markarian359 mkn359





1. AGN: Active Galactic Nucleus
2. BLR: Broad-Line Region, a region of high velocity emitting gas in an AGN
3. CCD: Charged Coupled Device
4. CTIO: Cerro-Tololo Inter-American Observatory
5. DC: Duty Cycle, the ratio of the amount of time an object is in an active vs. inactive state,
where N refers to the total number of confirmed/probable microvarying nights or the total





6. FSRQ: Flat-Spectrum Radio Quasar
7. G: Gamma-Ray Loudness Parameter; G = f luxRf lux1GeV , the ratio between the brightness of an
object in the optical R band and the 1 GeV g-ray band.
8. HBL: High-energy peaked BL-Lacertae object, a sub-class of blazar.
9. IDL: Interactive Data Language, a programming language
10. IRAF: Image Reduction and Analysis Facility, a programming language
11. LAT: Large Area Telescope, the primary instrument of the Fermi space telescope.
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12. LBL: Low-energy peaked BL Lacertae object, a sub-class of blazar.
13. NLR: Narrow-Line Region, a region of low velocity emitting gas in an AGN
14. NLSy1: Narrow-Line Seyfert 1 Galaxy
15. OVRO: Owens Valley Radio Observatory
16. OVV: Optically Violent Variable, a sub-classification of quasar
17. QSO: Quasi-Stellar Object, or “quasar,” a subclass of AGN.
18. R (Filter): Optical filter in the standard Johnson UBRVI system.
19. R: Radio-Loudness paramter; R = f lux5GHzf luxB , the ratio between the brightness of an object in
the 5 GHz radio band and optical B band.
20. SED: Spectral Energy Distribution, a plot of power vs. frequency
21. SMBH: Super Massive Black Hole, objects found in the cores of most galaxies; in active
galaxies, SMBHs are actively accreting matter.
22. TS: Test Statistic, a measurement of the likelihood of a detection that is commonly used to
evaluate data from the Fermi space telescope. The square root of the TS value is approxi-
mately equal to the standard deviation, so that TS = 25 corresponds to a 5-sv detection, while
a TS = 9 corresponds to a 3-sv detection. Formally, the Test Statistic is defined as TS =
2Dlog(likelihood), where likelihood refers to the likelihood ratio test as described in Mattox
et al. (1996).
